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NUCLEIC ACID AND AMINO ACID SEQUENCES INVOLVED IN PAIN 

PRIORITY 

This i5)plication claims priority under 35 U.S.C. §1 19(e) to U.S Provisional Application 
Nos. 60/312,147, ffled August 14, 2001; 60/346,382, filed November 1, 2001; and 60/333,347, 
filed November 26, 2001. The contents of each.^lication are incorporated herin in their 
entirety. 

SEQUENCE LISTING 

The present plication includes a Sequence Listing submitted herewith on four identical 
CD-ROM disks pursuant to 37 C.F.R. §l.S3(e). Hie infonnation on each CD-ROM is identical. 
Submitted are the following four CD-ROM disks: ""Copy 1 - Sequence listing part^ (disk 1), 
•^Copy 2 - Sequwce listing parf' (disk 2), and "Copy 3 - Sequence listing parf ' (disk 3), and 
"CRF' (disk 4). The following infonnation is identical for each CD-ROM submittedrMachine 
Format: IBM-PC; Operating System: MS-Windows; Files Contained: 
Formal_sequence_listing.txt; Size: 46,682,797 bytes; Date of Creation: August 13, 2002. The 
' information on each CD-ROM is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Pain is a stat&-depmdent sensory experience which can be represented by a constellation 
of distinct types of pain including chronic pain, neuropathic pain, inflammatory pain, and 
physiological paiiL Cuirent therapy is, however, either relatively ineffective or accon[ipanies by 
substantial side effects (Sindrq> and Jensen, 1999 Pain 83: 389). All of the primary forms of 
pain therapy have been discovered wither enqpirically through folk medicine, or somdipitously. 
These forms of treatment include opiates, non-steroidal anti-inflammatory drugs (NSADDS), 
local anesthetics, anticonvulsants, and tricyclic antidepressants (TCAs). 

Recently there has been a great deal of progress in understanding the mechanisms that 
produce pain (McCleskey and Gold, 1999, Annu, Rev. Physiol 61: 835; Woolf and Salter, 2000, 
Science 288: 1765; Mogil et al., 2000, Annu, Rev. Neurosci. 23: 777). It is increasmgly clear 
that multiple mechanisnis operating at different sites, and with different temporal profiles, are 
involved. In consequence, there is a need in the art for a shift in pain management firo 
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identify and treat the mechanisms present in a given patient (^wooii ana jvianmon, xyyy. 
Lancet 353: 1959; Woolf and Decost^ 1999, Pain 82: 1). Accordingly, there is a need in 
fte art for techniques which enable the identification of the genes responsible for these 
mechanisms. 

The present invention, in an effort to meet s\ich a need, provides a plurality of genes 
which are differentially esqiressed in animals which have been subjected to pain. The present 
invention provides advantages over existing measurements of differential expression in that 
the invention provides lower thresholds of differential ejqxressioa The present invention thus 
enconq>asses a much larger number of genes which show differential expression, and 
therefore provides a much inxproved method for identifying a larger number of genes whose 
expression may be directly related to the mechanisms which underlie pain. 

SUMMARY OF TBE INVENTION 

The present invention provides a composition comprising two or more isolated 
polynucleotides, wherein each of said two or more isolated polynucleoitdes is selected from 
the polynucleotides of Tables 1 or 2 or a sequence which hybridizes under high stringency 
conditions thereto, and wherein at least one of said two or more isolated polynucleotides is 
unique to Table 2, or a sequence which hybridizes under high stringency conditions thereto. 

The invCTtion also provides a composition conopising two or more isolated 
polynucleotides, wherein each of said two or msm isolated polynucleotides is selected from 
the groiq> consisting of: a polynucleotide conq>rising any of the polynucleotides specified in 
Table 1 or 2 m the colunms designated "rat gene" and "human gene", and wherein at least one 
of said two or more isolated polynucleotides is unique to Table 2 in the columns designated 

gene** and '^uman gene**; a polynucleotide encoding an amino acid sequence selected 
fiom the group consisting of: amino add sequences whidi are homologue to any of the amino 
acid specified in Table 2 in the columns designated "rat protein" and "human protein" by at 
least the homology as specified for the respective sequence in Table 2 in the column 
designated "%homology" and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 2 in the column designated "identifier"; and the 
amino acid specified in Table 2 in the columns designated "rat protein" and "human protein"; 
a polynucleotide which hybridizes under hi^ stringency conditions to a polynucleotide 
specified in (a) to (b) and encodes a polypeptide exhibiting the biological function as 
q>ecified for the respective sequence in Table 2 in the column designated "identifier"; a 
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polynucleotide the nucleic add sequence or which deviates Horn me nucleic acid sequences 
specified in (a) to (c) due to the degeneration of the g^etic code and encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence m Table 2 in the 
column designated "identifi^'; and a polynucleotide ^ch represents a firagment, derivative 
or allelic variation of a nucleic acid sequence specified in (a) to (d) and encodes a polypeptide 
exhibiting the biological function as specified fi>r tiie respective sequence in Table 2 in tilie 
column designated "identifi^'. 

The invention further provides polypeptide sequences, indicated by Accession no* in 
Table 2, which are encoded by the polynucleotide sequences shown in Tables 2 which are 
diff<»:entially expressed by at least 1 .2 fold across at least three rq>licate screens of neuronal 
tissue obtained fit>m an animal subjected to pain relative to an animal not subjected to the 
same pain» with a P-value of less than O.OS. 

Hie invention further provides human polypeptide sequences, indicated by Accession 
no. in Table 2, ^bich are encoded by the human polynucleotide sequences shown in Tables 2 
which are differentially expressed by at least 1.2 fold across at least three replicate screens of 
neuronal tissue obtained fiom an animal subjected to pain relative to an animal not subjected 
to the same pain, with a P-value of less tiian O.OS. 

The invention further provides polypeptide sequences, indicated by Accession no. in 
Tables 2 or 3, which are encoded by the polynucleotide sequences shown in Tables 2 or 3 
which are differentially expressed by at least 1.4 fold in an animal subjected to pain relative 
to an animal not subjected to the same pain. 

The invention ftuther provides human polypeptide sequences, indicated by Accession 
no. in Tables 2 or 3, which are encoded by the human polynucleotide sequences shown in 
Tables 2 or 3 which are differentially expressed by at least 1 .4 fold m an animal subj ected to 
pain relative to an animal not subjected to the same pain. 

The invention further provides human polynucleotide seqences, indicated by 
Accession no. in Table 2 or 3 which are differentially expressed by greater than 1 .4 fold in an 
animal subjected to pain relative to an animal not subjected to pain and polypeptide 
sequences encoded thmby. Preferably, the animal is a human. 

The invention further provides human polynucleotide sequmces, indicated by 
Accession no. in Table 2, which are differentially expressed by at least 1 .2 fold across at least 
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Ifaree replicate screws of neuronal tissue obtained fiom an ammai suojeciea 10 pain leianve 10 
an animal not subjected to tiie same pain, with a p-value of less than 0.05. 

Table 1 of the present invention includes polynucleotide sequences which have been 
examined using the methods described herein, and have been previously individually 
described in die art as being regulated in animal models of pain. Not all of the 
polynucleotides shown in Table 1, however, are "diflferentially expressed" according to the 
present invention. The invention is based, in part, vpon the discovery that certain 
polynucleotides shown in Table 1 are differentially expressed in nerve tissue. Those 
polynucleotides indicated as having a Fold change of +A 1 .4 or greater ate differentially 
expressed. 

Table 2 and 3 of the present invoition include polynucleotide sequences which have 
not been previously described in the art as being regulated in animal pain models and which 
have bem analyzed in at least three rq)licate screens of neuronal tissue fiom animals 
subjected to pain, and have attained a statistical signiiScance of p<O.OS. Table 2 and 3, 
however, also mclude one or more of the sequence indicated in Table 1 . Accordingly, the 
phrase •'unique to Table x" refers to a sequence which is indicated in Table x, and is not 
indicated in Table 1 . Therefore, the invention also is based, in part, upon the discovery diat 
polynucleotides (Usted in Tables 2 and 3) are differentially expressed in nerve tissue obtained 
from an animal subjected to pain relative to an animal not subjected to the same pain. This 
discovery is demonstrated in nerve injury models of pain: e.g., spared nerve injury, axotomy, 
chronic constriction, and nerve ligation, and inflammation pain models. Each of tables 2 and 
3 rq>resrats a polynucletoide sequence which is identified herien as being differentially 
expressed in an animal subjected to pain by at least 1 .4 fold relative to the expression of the 
same sequence in an animal wUch has not beed subjected to the same pain. Table2 
rq)resents sequences which have been analyzed in at least diree rq)licate assays of 
differential expression and aro differentially esxpxcssed by at least 1 .4 fold in an animal 
subj ected to pain relative to an animal not subjected to pain, and have a statistical 
significance of P<O.OS. Thus, each of tiie polynucleotides shown in Tables 2 or 3 is 
differentially expressed in an animal subj ected to pain according to the present invention. 

Table 4 and 5 of the present invention include polynucleotide sequences which have 
not been previously described in the art as being regulated in an animal pain model, and 
which have been idmtified herein as bemg differentially expressed in an animal subjected to 
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inflammatory pain by at least 1.4 fold. All of the sequences m Tables 4'ai37 are id^tified 
herein as bemg dififerentially eq>ress6d, and a number of the polynucleotides indicated in 
Tables 4 and 5 have also been inchided in Table 2, as having attained a stadstical significance 
of p<O.OS in flnee replicate analyses of gene expression. 

Accordingly, the present invention provides a composition comprisiag 
polynucleotides which are dififerentially expressed by at least +/- 1.2 fold in at least three 
replicate assays of nerve tissue obtained fix>m a nerve injury or inflanmiation pain model, 
with a p-value of less than 0.0S» wherein each of the polynucleotides is selected from the 
polynucletoides listed in Tables 1 or 2, and wherdn at least one of the polynucleotides is 
selected fix>m the polynucleotides listed in Table 2. 

In one embodiment, each of the two or more isolated polynucleotides is differentially 
expressed by at least 1 .4 fold in the nerve tissue of an animal subjected to pain relative to the 
animal not subjected to the pain, and alternatively, are differentially esqpressed by at least 1.4 
fi>ld across fliree replicate assays of expression in nerve tissue obtained from a nerve iiyury 
pain model wifli a p-value of less than O.OS. 

In an alternate embodiment, each of the two or more isolated polynucleotides is 
differentially expressed by at least 2 fold in the neurons of an animal subjected to pain 
relative to the animal not subjected to the pain. 

In one embodiment, the nerve tissue is the sensory neurons of the dorsal root 
ganglion, or dorsal horn of the Sfpinal cord. 

The invention also provides a plurality of vectors each comprising an isolated 
polynucleotide, whereui each of the isolated polynucleotides is selected firom Table 1, 2, 3, 4, 
or 5, or a sequence which hybridizes und^ hi0i stringency conditions thereto, and wherein at 
least one of the isolated polynucleotides is unique to Table 2, 3, 4, S, or a sequence whidi 
hybridizes under high stringency conditions thereto. 

The invention further provides a plurality of viral vectors each comprising an isolated 
polynucleotide, wherein each of the isolated polynucleotides is selected from Table 1, 2, 3, 4, 
or 5, or a sequence which hybridizes under hi^ stringency conditions thereto, and who^ at 
least one of the isolated polynucleotides is unique to Table 2, 3, 4, or S or a sequence ^ch 
hybridizes under hi^ stringency conditions thereto. 
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The invnetion further provides a plurality of vectors eacn comimsmg an isoiaiea 
polynucleotide, wherein each of said two or more isolated polynucleotides is selected fiom 
the groiq) consisting of: (a) a polynucleotide comprising any of the polynucleotides specified 
in Table 1-2 in the columns designated "rat gene** and 'Imman gene", and wherein at least one 
of said two or more isolated polynucleotides is unique to Table 2 in the colxmms designated 
**rat gene" and "liuman gene''; (b) a polynucleotide encoding an amino acid sequence selected 
fiom the group consisting of: (i) amino acid sequences which are homologue to any of the 
amino acid specified in Table 2 in ^ columns designated "rat protem" and "human protein" 
by at least the homology as specified for ttie respective sequroce in Table 2 in the column 
designated "%homology" and encodes apolypq)tide exhibitixig the biological fimction as 
specified for the respective sequence in Table 2 in tiie column designated "identifier"; (ii) the 
amino acid specified in Table 2 in the columns designated "rat protein" and "human protein"; 
(c) a polynucleotide which hybridizes under hi^ stringency conditions to a polynucleotide 
specified in (a) to (b) and ^codes a polypeptide exhibiting the biological fimction as 
specified for the respective sequence in Table 2 in the column designated "identifier"; (d) a 
polynucleotide the nucleic acid sequence or which deviates fit>m the nucleic acid sequences 
specified in (a) to (c) due to the degeneration of the genetic code and encodes a polypeptide 
exhibiting the biological fimction as specified for the respective sequence in Table 2 in the 
column designated "identifier"; (e) a polynucleotide whidi rq)resents a firagmmt, derivative 
or allelic variation of a nucleic acid sequence specified in (a) to (d) and encodes a polypeptide 
exhibiting the biological fimction as specified for die respective sequence in Table 2 in the 
column designated "identifier". 

In one embodiment, the vectors described above are contained within a host cell. 

The invention fiuifa^ provides a method fi)r identifymg a nucleotide sequence which 
is differentially regulated in an animal subjected to pain, con^rising: hybridizing a nucleic 
acid sample corresponding to KNA obtained from tiie animal to at least tiiree replicates of a 
nucleic add sample comprismg one or more nucldc add molecules of known identity 
measuring the hybridization of die nucldc acid sample to the one or more nucldc acid 
molecules of known identity for each of the rq>Ucates, wherein a 1.2 fold difiference in the 
hybridization, and a p-value of less than 0.05 across the at least three rq>licates, of the nucldc 
acid sample to the one or more nucldc acid molecules of known idmtity relative to a nucldc 
acid sample obtained fix>m an animal which has not been subjected to the pain is indicative of 
the diSerential expression of the nucleotide sequence in the animal subjected to pain. 
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The present invCTtion also provides a method for laenniymg a nucieonue sequence 
which is differentiaUy regulated in an animal subjected to pain, conq>rising: hybridizing a 
nucleic add sanq)le corresponding to RNA obtained fiom the animal to a nucleic add sample 
comprising one or more nucldc add molecules of known idmtity; measuring the 
hybridization of the nucldc add sample to flie one or more nucldc add molecules of known 
identity, i^erdn a 1.4 fold difference in the hybridization of the nucldc add sample to the 
one or more nucldc add molecules of known identity relative to a nucldc acid sample 
obtained fix>m an animal whidi has not been subj ected to the pain is indicative of the 
difforential expression of the nucleotide sequence in the animal subjected to pain 

The invmtion further provides a me&od for identifying a nucleotide sequence ^lich 
is differentially regulated in an animal subjected to pain, coniprising: hybridizing a nucldc 
acid sample corresponding to KMA obtained fiom the animal to at least three replicates of an 
array comprismg a solid substrate and one or more nucldc add molecules of known idmtity; 
wherdn each nucldc add member has a umque position and is stably assodated with the 
solid substrate; and measuring the hybridization of the nucldc add sample to the at least 
three replicates of the array, wherein a 1.2 fold difference in the hybridization, and a p-value 
of less than 0.05 across the at least three replicates, of the nucldc add sample to &e one or 
more nucleic acid molecules of known identity comprising the array relative to a nucleic acid 
sample obtained fiom an animal which has not been subjected to the pain is indicative of the 
differential expression of the nucleotide sequence in the animal subjected to paiiL 

The invention still finiher provides a method for identifying a nucleotide sequence 
^lich is differentially regulated in an animal subj ected to pain, comprising: hybridizing a 
nucldc acid sample corresponding to KNA obtained fiom an animal which has been 
subjected to pain to an array comprising a solid substrate and aplurality of nucldc add 
membos; wherein each nucldc acid member has a unique position and is stably associated 
with the solid substrate; and measuring the hybridization of the nucldc acid sample to the 
array, wherein a 1.4 fold difference in the hybridization of the nucldc acid sample to one or 
more nucleic acid members comprising the array relative to a nucldc acid sample obtained 
fix>m an animal which has not been subjected to the pain is indicative of the differential 
expression of the nucleotide sequence in the animal subjected to pain. 

In one embodiment, any of the preceeding me&ods for identifying a nucleotide 
sequence which is difiermtially regulated in an animal subj ected to pain may further 
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cQnqyiise the sbsp of verifying the differmtial e3q>ression ot me micieotiae sequoice oy a 
molecular piocedure selected fix)m the groiq> consisting of Norttieni analysis, in situ 
hybridization, and PGR. 

The invention provides a method for identifyiag a nucleotide sequence which is 
dififerentially regulated in an animal subjected to pain, comprising: hybridizing a nucleic acid 
sanq)le corresponding to RNA obtained fiom an animal which has been subj ected to pain to 
an anay comprising a solid substrate and a plurality of nucleic add member^ wherein each 
nucleic add member has a unique position and is stably assodated with the solid substrate; 
measuring the hybridization of the nucldc add sanople to the array, wherein a 1 .4 fold 
difference in the hybridization of the nucldc add sample to one or more nucldc acid 
members conqxridng the array relative to a nucldc add sample obtained fiom an animal 
which has not been subjected to the pain is indicative of the differential expression of the 
nucleotide sequence in the animal subjected to pain; and verifymg the differential expression 
of flie nucleotide sequence by a molecular procedure selected fiom the ffxmp consisting of 
Northern analysis, in situ hybridization, and PGR. 

In one embodiment, a 1.4 &Ad change in the hybridization of the nucldc add sample 
to one or more nucldc acid members comprising the array relative to a nucldc acid sample 
obtained fiom an animal whidi has not been subj ected to the p ain is mdicative of flie 
dififerential expression of the nucleotide sequence following pain. 

In a fiirther embodiment, a 2 fold change in the hybridization of the nucleic add 
sample to one or more nucldc acid members conqxrising the array relative to a nucldc add 
saruple obtained fiom an animal whidi has not been subjected to the pain is indicative of the 
differential e3q)ression of the nucleotide sequence following pain. 

In one embodiment, the nucldc add sample is labeled with a detectable label prior to 
flie hybridization to the array. 

In a further embodiment, the above methods for identifiying a nucldc acid seuqence 
which is differentially regulated in an animal subjected to pain further conq)riises the step of 
isolating the nucldc add sample fiom tiie animal. 

In one embodiment, nucldc acid sanqple is cRNA. 
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The present inventioii also provides an anay compn^iig: a pltmllity ot polynucleotide 
membeEs, herein each of die polynucleotide members is selected fix>in Table 1, 2, 3, 4, or S 
and wherdn at least one of the isolated polynucleotides is unique to Table 2, 3, 4, or 5; and a 
solid substrate^ wherdn each polynucleotide member has a unique position on the array and 
is stably associated with the solid substrate. Such an array will be referred to herem as a 
'^ain specific array*'. 

The invention still further provides an array comprising: a plurality of polynucleotide 
members, wherein each of the polynucleotide monbers is selected fiom Table 1, 2, 3, 4, or 5, 
and wherein at least one of the isolated polynucleotides is unique to Table 2, 3, 4, or S and 
wherein the plurality of polynucleotide members are obtained fiom neuronal tissue obtained 
from at least two different species of animal; and a solid substrate, wh0:dn each 
polynucleotide member obtained fix>m each of the two different species has a unique position 
on the array and is stably associated with the solid substrate. Such an array will be referred to 
herein as a ''pain spedfic array''. 

The invention also comprises an array conq)rising: (a) a plurality of polynucleotide 
members, wherem each of said plurality of polynucleotides is selected fiom the groiip 
consisting of: (i) a polynucleotide comprising any of the polynucleotides specified in Table 1- 
2 m the columns designated "rat gme" and "human ^e", and wherein at least one of said 
two or more isolated polynucleotides is unique to Table 2 in the columns designated ''rat 
gene" and "human gene'*; (ii) a polynucleotide encoding an amino add sequence selected 
fiom the group consisting o£ (1) amino acid sequmces which are homologue to any of the 
amino add specified in Table 2 in the columns designated "rat protein" and "human protein" 
by at least die homology as specified for the respective sequence in Table 2 in the column 
designated "%homology" and encodes a polypeptide exhibiting the biological fimction as 
specified for the respective sequence in Table 2 in the column designated "identifier"; (2) the 
amino acid specified in Table 2 in the columns designated "rat protein" and "human protein"; 
(iii) a polynucleotide which hybridizes under high stringency conditions to a polynucleotide 
specified in (i) to (ii) and encode a polypeptide exhibiting the biological fimction as 
spedfied for the respective sequence in Table 2 in the column designated "identifier"; (iv) a 
polynucleotide the nucleic add sequence or which deviates from the nucldc acid sequences 
specified in (i) to (iii) due to the degeneration of the genetic code and encodes a polypeptide 
exhibiting the biological fimction as specified for the respective sequence in Table 2 in die 
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column designated '^identifier"; (v) a polynucleotide which fq)iesraifs aM^en^^vative 
or allelic variation of a nucleic acid sequ^ce specified in (i) to (iv) and encodes a 
polypeptide exhibiting the biological function as specified for the respective sequence in 
Table 2 in the colimm designated "identifier"; and (b) a solid substrate^ wherein each 
polyaucleotide member has a unique position on said array and is stably associated with said 
solid substrate. 

In one embodiment, the plurality of polynucleotide members is differentially 
expressed by at least 1 .2 fold across at least three replicate assays of expression in neuronal 
tissue of an animal subjected to pain witii a p-value of less than 0.05 relative to an animal not 
subjected to the pain. 

In one embodiment, the plurality of polynucleotide m^bers is difEiaimtially 
expressed by at least 1 .4 fold in Hbo neurons of the animal subjected to pain relative to an 
animal not siibjected to the pain. 

In a fiirther embodiment, the array conq[)rises fiom 10 to 20,000 polynucleotide 
members. 

In one embodiment, the array fiuther conqmses negative and positive control 
sequences and quality control sequences selected fipom the groiq) consisting of cDNA 
sequences encoded by housekeeping genes, plant gene sequences, bacterial sequmces, PGR 
products and vector sequences. 

The invention further provides a method of identifying an agent that increases or 
decreases the expression of a polynucleotide sequence that is difTerentially expressed in 
neuronal tissue of a first animal which is subjected to pain comprising: administoing the 
agent to the first animal; hybridizing nucleic acid isolated fix>m one or more sensory neurons 
of the first and a second animal to a pain specific array; and measuring the hybridization of 
the nucleic add isolated bom the neuronal tissue of the first and second animal to the arra^, 
wherein an increase in hybridization of the nucleic add fix>m the first animal to one or more 
nucldc add members of the array relative to hybridization of the nucldc acid fiom a second 
animal which is subj ected to pain but to whidi is not administered the agent fo one or more 
nucldc add members of the array identifies the agent as increasing the expression of the 
polynucleotide sequence, and wherein a decrease in hybridization of the nucldc add &om the 
first animal to one or more nucldc add members of the array relative to the hybridization of 
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the nucleic acid fiom second animal to one or more nucleic acid membg:^oniie array 
identifies the agent as decreasing the e3q>iession of the polynucleotide sequence. 

In one embodiment, the preceeding method further comprises the step of verifying the 
increase or decrease in the h}4)ridization by a molecular procedure selected fiom the gfoup 
consisting of Northern analysis, in situ hybridization, and PGR. 

Jn one embodiment, the nucleic acid sample isolated fcom the first and second animal 
is labeled with a detectable label prior to the hybridization to the array. 

la a fiufher embodiment, the nucleic acid sanq>le isolated fiiom die first animal is 
labeled with a different detectable label than the nucleic add sanq>le isolated 6om fiie second 
animal. 

The invention also provides a method for identifying a compound which regulates the 
expression of a polynucleotide sequence which is differentially expressed in an animal 
subjected to pain, comprising: (a) providing a cell comprising and capable of exinessing one 
or more of the polynucleotide selected fiom die group consisting of: (i) a polynucleotide 
comprising any of the polynucleotides specified in Table 1-2 in the columns designated ^*Tat 
gene" and "human gene", and wherein at least one of said two or more isolated 
polynucleotides is unique to Table 2 in the columns designated *^ gene'' and *liuman gene"; 
(jS) a polynucleotide encoding an amino add sequence selected firom the groiq> consistmg of. 
(1) amino add sequmces which are homologue to any of the amino add qiecified in Table 2 
in the columns designated "rat protem" and 'liuman protein*' by at least the homology as 
specified for the respective sequ^ce in Table 2 in the column designated "%homology" and 
encodes a polypeptide exhibiting the biological function as specified for the respective 
sequence in Table 2 in the column designated "identifier"; (2) the amino add specified in 
Table 2 in the columns designated "rat protein" and "human protem"; (iii) a polynucleotide 
which hybridizes undo: hig^ stringency conditions to a polynucleotide specified in (i) to (ii) 
and encodes a polypeptide exhibiting the biological function as specified for the respective 
sequence in Table 2 in die column designated "identifier"; (iv) a polynucleotide the nucldc 
add sequence or which deviates fiom the nucldc acid sequences specified in (i) to (iii) due to 
the degraeration of the genetic code and encodes a polypeptide exhibiting the biological 
function as specified for the respective sequence in Table 2 in the column designated 
"identifier"; (v) a polyiiucleotide which rq>resents a Augment, derivative or allelic variation 
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of a nucleic acid sequence specified in (i) to (iv) and encoHes a polypeptide extubiting tbe 
biological function as specified for the respective sequence in Table 2 in the column 
designated "identifier"; (b) contacting said cell with a candidate compound; and (c) 
measuring the expression of said one or more of the polynucleotide specified siqnra, wherem 
if the ^qiression of said differentially expressed polynucleotide sequence is increased in an 
animal which is subjected to pain, then said candidate modulator will be considered to 
regulate the expression of said polynucleotide if the expression of said polynucleotide is 
decreased by at least 10% in the presence of said candidate modulator, and wherein if the 
expression of said differentially expressed polynucleotide sequence is decreased in an animal 
subjected to pain, tiien said candidate modulator will be considered to regulate the expression 
of said polynucleotide if the expression of said polynucleotide is increased by at least 10% in 
the presence of said candidate modulator. 

The invention also provides a method for identi^g a compound whidi regulates tiie 
expression of a polynucleotide sequence which is differentially expressed in an animal 
subjected to pain, comprising: providing a cell conq>rising and capable of expressing one or 
more of the polynucleotide sequences shown in Tables 1, 2, 3, 4, or 5; contacting the cell 
with a candidate compound; and measuring the e:q>ression of the one or more of tiie 
polynucleotide sequences shown in Tables 1, 2, 3, 4, or 5, ^erem an increase or decrease in 
the expression of the one or more of the polynucleotide sequences shown in Table 1, 2, 3, 4, 
or 5 of at least 10% is indicative of regulation of the diffa^entially expressed polynucleotide 
sequence. 

The invention still further provides a method for identifying a compound which 
regulates the activity of one or more of the polypeptides shown in Table 1, 2, 3, 4, or 5, or tiie 
activity of a polypeptide encoded by a polynucleotide sequence indicated in Table 1, 2, 3, 4, 
or 5 comprising: providing a cell comprising tiie one or more polypeptides; contacting the 
cell with a candidate confound; and measuring the activity of the one or more polypeptides, 
wherein an increase or decrease of the activity of the one or more polypeptides of at least 
10% relative to the activity of the one or more polypeptides in the cell, wherein the cell is not 
contacted with the candidate compound, identifies the candidate compound as a compound 
which regulates the activity of the one or more polypq)tides. 

In one embodiment, the candidate compound is selected fix>m the group consisting of 
small molecule^ protein, RNAi, and antisense. 
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In a further embodiment, the candidate conq)ouna''is ^ antiDoay wmcn omds to me 
polypeptide. 

The invnetion also provides a method for producing a pharmaceutical formulation 
comprising: providing a cell comprising the one or more polypeptides; selecting a compound 
which regulates the activity of the one or more polypqitides; and mixiag tiie conq>ound with 
a carrier. 

In one embodiment, tiie step of selecting comprises tiie steps of contacting the cell 
with a candidate compoimd; and measuring the activity of the one or more polypeptides, 
wherein an increase or decrease of the activity of the one or more polypeptides of at least 
10% relative to the activity of the one or more polypeptides in the cell, wherein the cell is not 
contacted with tiie candidate compound, identifies the candidate conq)ound as a conq)Ound 
which regulates the activity of the one or more polypeptides. 

The invention also provides a method for producing a pharmaceutical formulation 
comprising: (a) providing a cell comprising said one or more polypq)tides encoded by a 
polynucleotide selected from the gjconp consisting of: (i) a polynucleotide comprising any of 
tiie polynucleotides specified in Table 1-2 in the columns designated "rat gene*' and 'liuman 
gene", and wherdn at least one of said two or more isolated polynucleotides is unique to 
Table 2 ki the columns designated "rat gene** and 'liuman gene**; (ii) a polynucleotide 
encoding an amino acid sequence selected fiiom the groiq> consisting of: (1) amino acid 
sequences which are homologue to any of the amino acid specified in Table 2 in the colunms 
designated "rat protein" and "human protein" by at least tiie homology as specified for flie 
respective sequence in Table 2 in the column designated "%homology" and encodes a 
polypeptide exhibiting the biological fimction as specified for the respective sequence in 
Table 2 in the column designated ''identifier'*; (2) the amino add Sfpecified in Table 2 in the 
columns designated "rat protein" and "human protein"; (iii) a polynucleotide which 
hybridizes under higjh stringency conditions to a polynucleotide specified in (i) to (ii) and 
encodes a polypq>tide exhibiting the biological fimction as specified for the respective 
sequence in Table 2 in the column designated "identifier^'; (iv) a polynucleotide the nucleic 
acid sequence or which deviates fiom the nucleic add sequences spedfied in (i) to (iii) due to 
the degeneration of tiie genetic code and encodes a polypeptide exhibiting the biological 
fimction as spedfied for the respective sequence in Table 2 in the column designated 
"identifier"; (v) a polynucleotide which represents a fragment, derivative or allelic variation 
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of a nucldc acid sequmce specified in (i) to (iv) and encdd^ a polypeptide exiuDitiiig me 
biological function as specified for the respective sequence in Table 2 in fhe column 
designated "identifier"; (b) selecting a conq)ound which regulates tiie activity of said one or 
more polypq>tides; and (c) mixing said compound with a carrier. 

In one embodiment, the step of selecting comprises tiie steps of contacting said cell 
with a candidate compoimd; and measuring the activity of said one or more polypeptides, 
wherein an increase or decrease of the activity of said one or more polypeptides of at least 
10% relative to the activity of said one or more polypeptides in said cell, wherein the cell is 
not contacted with the candidate conQ)ound, identifies said candidate compound as a 
compound which regulates the activity of said one or more polypeptides 

The invention also provides a method for identifying a compound which regulates fhe 
activity, in an animal, of one or more of fhe polypq>tides shown in Table 1, 2, 3, 4, or S, or a 
polypeptide encoded by one or more polynucleotide sequoace indicated in Table 1, 2, 3, 4, or 
5 conqnising: administmng a candidate compound to an animal conqnising fhe one or more 
polypeptides; and measuring the activity of tiie one or more polypq>tides wherein an increase 
or decrease of fhe activity of fhe polypeptide of at least 10% relative to fhe activity of die one 
or more polypeptides in an animal to which fhe candidate compound is not administered, 
identifies fhe candidate conq>ound as a compound which regulates fhe activity of fhe one or 
more polypq>tides. 

Preferably, fhe candidate compound is selected &om the group consisting of small 
molecule, protein, KNAi, and antisense. 

In one embodiment, fhe candidate compound is an antibody which binds to the 
polypeptide. 

The invnmtion still further provides a method for identifymg a small molecule which 
regulates fhe activity of one or more of the polypq)tides indicated in Table 1, 2, 3, 4, or 5, or 
a polypeptide encoded by one or more polynucleotides indicated in Table 1, 2, 3, 4, or S 
comprising: providing a cell comprising the one or more polypq>tides; generating a small 
molecule library; providing a candidate small molecule, selected fix)m fhe library; contacting 
fhe cell with the candidate small molecule; and measuring fhe activity of the one or more 
polypeptides, wherein an increase or decrease of the activity of tiie one or more polypeptides 
of at least 10% relative to fhe activity of the one or more polypeptides in the ceU, wherein the 
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cell is not contacted with the candidate small molecule^ idedmie^tti^caiidKiate smkDT ' 
molecule as a small molecule which regulates the activity of the one or more polypeptides. 

Preferably, the small molecule library comprises components selected from the group 
consisting of heterocyclics, aromatics, alicyclics, aliphatics, steroids, antibiotics, enzyme 
inhibitors, ligands, hormones, alkaloids, opioids, tezpenes, porphyrins, toxins, and catalysts, 
and combinations thereof. 

Tlie invention also relates to a method for identifying a small molecule which 
regulates the activity of one or more of the polypeptides indicated in Table 2, comprising: (a) 
providing a cell comprising said one or more polypeptides encoded by a polynucleotide 
selected from the group consisting of: (i) a polynucleotide comprising any of the 
polynucleotides specified in Table 1-2 in the columns designated "rat gene" and "human 
gene**, and wherein at least one of said two or more isolated polynucleotides is unique 
toTable.2 in the columns designated "^t gene" and 'liuman gene"; (ii) a polynucleotide . 
encoding an amino add sequence selected fix)m the groiq> consisting of: (1) amino acid 
sequences which are homologue to any of the amino acid specified in Table 2 in the columns 
designated ''rat protein" and "human protetn" by at least tiie homology as specified for the 
resfpective sequence in Table 2 in the colmnn designated "%homology" and encodes a 
polypeptide exhibiting the biological function as specified for tiie respective sequence in 
Table 2 in tiie column designated "identifier"; (2) tiie amino add specified in Table 2 in the 
columns designated "rat protein" and "human protein"; (iii) a polynucleotide which 
hybridizes under high stringency conditions to a polynucleotide specified m (i) to (ii) and 
encodes a polypeptide exhibiting the biological fimction as specified for the respective 
sequence in Table 2 in the column designated "identifier"; (iv) a polynucleotide the nucldc 
add sequence or ^^ch deviates fix>m the nucldc add sequences specified in (i) to (iii) due to 
the degeneration of the genetic code and encodes a polypq)tide exhibiting the biological 
function as specified for the respective sequence in Table 2 in the column designated 
"identifier"; (v) a polynucleotide which represents a firagment, daivative or allelic variation 
of a nucleic acid sequence specified in (i) to (iv) and encodes a polypeptide exhibiting the 
biological function as specified for the respective sequence in Table 2 in the column 
designated "identifier**; (b) generating a small molecule Iibrar)r, (c) providing a candidate 
small molecule, selected fix)m said librar>^ (d) contacting said cell with said candidate small 
molecule; and (e) measuring the activity of said one or more polypeptides, wherein an 
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inoease or decrease of the activity of said one or more poiypq)naes oi ai ieasi luyo reianve 
to the activity of said one or more polypeptides in said cell, wherem the cell is not contacted 
with the candidate small molecule^ identifies said candidate small molecule as a small 
molecule whidi regulates the activity of said one or more polypeptides. 

The invention further relates to a method for identifying a compound useful in the 
treatment of pain, comprising; providing a host cell comprising a vector comprising one or 
more of the polynucleotides identified in Table 1, 2, 3, 4, or 5; maintaining the host cell under 
conditions which permit the expression of the one or more polynucleotides; selecting a 
compoimd which regulates the activity of a polypeptide encoded by the one or more 
polynucleotides; administering the compound to an animal subjected to pain; and measuring 
ttie level of pain in the animal, wherein a decrease in the level of pain in ttie animal of at least 
10%, identifies the conq>ound as being usefiil for treating pain« 

In one embodiment, the step of selecting includes the steps of contacting the cell with 
a candidate conq)ound; and measuring the activity of the polypeptide encoded by the one or 
more polynucleotides, wherein an increase or decrease of the activity of the polypeptide of at 
least 10% relative to the activity of the polypeptide in tiie cell, wherein the cell is not 
contacted with the candidate compound, identifies the candidate conopound as a compound 
which regulates the activity of the polypeptide. 

The invention fiirther provides a method for identifying a compound usefiil in the 
treatment of pain, conoprising: (a) providing a host cell comprising a vector comprising one 
or more of the polynucleotides selected from the group consisting of: (i) a polynucleotide 
comprising any of tbe polynucleotides specified in Table 1-2 in the columns designated "rat 
gene" and "human gene", and wherein at least one of said two or more isolated 
polynucleotides is unique to Table 2 in the columns designated ^'rat gene" and "human gene"; 
(ii) a polynucleotide encoding an amino acid sequence selected fiom the group consisting of: 
(1) amino acid sequences which are homologue to any of the amino acid specified in Table 2 
in the columns designated "rat proteui" and "human protein" by at least the homology as 
specified for the respective sequence in Table 2 in the column designated "%homology" and 
CTcodes a polypeptide exhibiting the biological function as specified for tiie respective 
sequence in Table 2 in tiie column designated "identifier"; (2) the amino add specified m 
Table 2 in tiie columns designated '*rat protein" and "human protein"; (iii) a polynucleotide 
which hybridizes under high stringency conditions to a polynucleotide specified in (i) to (ii) 
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and encodes a polypeptide exhibiting the biological functfon^ i^ecmSl ISfllie ngspeddve ~ 
sequence in Table 2 in the column designated "identifier"; (iv) a polynucleotide ttie nucleic 
add sequence or which deviates from the nucleic acid sequences specified in (i) to Qn) due to 
the degeneration of the genetic code and encodes a polypeptide exhibiting the biological 
fimction as specified fbr the respective sequence in Table 2 in the column designated 
"identifier"; (v) a polynucleotide which represents a firagment, derivative or allelic variation 
of a nucleic acid sequence specified in (i) to (iv) and encodes a polypeptide exhibiting the 
biological function as sfpecified for the respective sequence in Table 2 in the column 
designated "identifier"; (b) maintaining said host cell under conditions which permit the 
expression of said one or more polynucleotides; (c) selecting a compound which regulates the 
activity of a polypeptide encoded by said one or more polynucleotides; (6) administering said 
coiiQ)ound to an animal subjected to pain; and (e) measuring the level of pain in said animal^ 
wherein a decrease in the level of pain in said animal of at least 10%» identifies said 
compound as being usefiil for treating pain. 

In one embodiment, tiie step of selecting includes the stq>s of contacting said cell 
with a candidate compound; and measuring the activity of the polypeptide encoded by said 
one or more polynucleotides, wherein an increase or decrease of the activity of said 
polypeptide of at least 10% relative to flie activity of said polypq>tide in said cell, \^erem 
the cell is not contacted with the candidate conq)ound, identifies said candidate conq>ound as 
a compound which regulates the activity of said polypeptide. 

The invention also provides a method of treating pain in an animal con^msing 
administering to the animal an antisense polynucleotide enable of inhibiting the expression 
of one or more of tiie polynucleotide sequmces indicated in Table 1, 2, 3, 4, or 5. 

The invention finther provides a method of treating pain in an animal comprising 
administering to the animal a double stranded RNA molecule wherein one of the strands of 
the double stranded RNA molecule is identical to a portion of an mKNA transcript obtained 
fiom one or more of the polynucleotide sequences indicated in Table 1, 2, 3, 4, or S. 

The invention still finther provides a method of treating pain in an animal in need 
thereof, conqnising: administering to the animal a therapeutically effective amount of an 
agent which modulates the activity of one or more of the polypeptides indicated in Table 1, 2, 
3, 4, or 5, or a polypeptide encoded by one or more of the polynucleotides indicated in Table 
1,2, 3, 4, or 5. 
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The invention also provides a method of treating pam'tt iiKWitBtnA.fSB6(l^6.&ML, 
comprising: administering a therq>euticaliy effective amomit of an antibody ^ch binds to 
one or more of the polypeptides indicated in Table 1, 2, 3, 4, or 5, or a polypeptide encoded 
by one or more of the polynucleotides indicated in Table 1, 2, 3, 4, or 5. 

The invention still further provides a mefliod of treating pain in an aoimal in need 
fliereof, comprising: administering a flierapeuticaUy effective amount of one or more of the 
polypq)tides indicated in Table 1, 2, 3, 4, or 5, or a polypqjtide encoded by one or more of 
flie polynucleotides indicateid in Table 1, 2, 3, 4, or 5. 

The invention also provides a 'pharmaceutical formulation comprising one or more 
polypeptides indicated in Table 1, 2, 3, 4, or 5, or a polypeptide encoded by one or more of 
the polynucleotides indicated in Table 1, 2, 3, 4, or 5, and a carrier. 

The invention also provides a phannaceutical formulation conqirising one or more 
antibodies vrbidn bind to one or more of ttie polypeptides indicated in Table 1, 2, 3, 4, or 5, or 
a po^q)tide encoded by one or more of the polynucleotides indicated in Table 1, 2, 3, 4, or 
5, and a carrier. 

The invention further relates to the use of: (a) a polynucleotide selected fiom ttie 
groi^ consisting o£ (i) a polynucleotide conqnising any of the polynucleotides specified in 
Table 1-2 in (he columns designated "rat gene" and "human gene", and Mdierein at least one 
of said two or more isolated polynucleotides is unique to Table 2 in the oohnnns designated 
"rat gene" and "human gene"; (ii) a polynucleotide encoding an amino acid sequence selected 
fiom flie groq> consisting o£ (1) amino add sequences \Mch. are homologue to any of flie 
amino add specified in Table 2 in the columns designated "rat ptotdn" and "human protein" 
by at least the homology as specified for the respective sequence in Table 2 in. the column 
designated "%homology" and encodes a polypeptide exhibiting the biological function as 
specified for flie respective sequence in Table 2 in the column designated "identifier"; (2) Ihe 
amino acid specified in Table 2 in the columns designated "rat protein" and '^luman protein"; 
(iii) a polynucleotide which hybridizes under higt stringency conditions to a polynucleotide 
specified in (a) to (b) and encodes a polypeptide exhibiting the biological fimction as 
specified for the respective sequence in Table 2 in the column designated "identifier"; (iv) a 
polynucleotide the nucldc acid sequence or which deviates &om the nucldc add sequences 
specified in (a) to (c) due to the degeneration of the genetic code and encodes a polypeptide 
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exhibiting tiie biological function as specified for the respecfive" sequence in Table 2 in the 
cohmm designated "identifio:"; (v) a polynucleotide "widoh rqnesents a firagment, derivative 
or allelic variation of a nucleic add sequence sfpecified in (a) to (d) and encodes a polypeptide . 
exhibiting tiie biological function as £fpecified for the respective sequence in Table 2 in the 
column designated '^identifier"; (vi) a polypq>tide encoded by any of the polynucleotides 
specified in (i) to (v); in the preparation of a medicament for the treatment of pain in an 
animal. 

The present invention still fiirttier relates to the use of a conq)ound which can 
modulate the activity of a polypeptide which is encoded by a polynucleotide selected fiiom 
the gcoxxp consisting of: (a) a polynucleotide comprising any of the polynucleotides specified 
in Table 1-2 in the columns designated '*rat gene" and "human gene", and wherein at least one 
of said two or more isolated polynucleotides is unique to Table 2 in the columns designated 
"rat gene" and "human gene"; (b) a polynucleotide encoding an amino acid sequence selected 
fix>m the groiQ) consisting of: (i) amino add sequences which are homologue to any of the 
amino add specified in Table 2 in the columns designated "rat protein" and "human protdn" 
by at least the homology as specified for the respective sequmce in Table 2 in the column 
designated "%homology" and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 2 in the column designated "identifier"; (ii) the 
amino acid specified in Table 2 in the columns designated "rat protein" and "human protein"; 
(c) a polynucleotide which hybridizes under high stringency conditions to a polynucleotide 
specified in (a) to (b) and encodes a polypq)tide exhibiting the biological function as 
specified for the respective sequence in Table 2 in the column designated "identifier"; (d) a 
polynucleotide the nucldc acid sequence or which deviates &om the nucleic add sequences 
specified in (a) to (c) due to the degeneration of the genetic code and encodes a polypeptide 
exhibiting the biological fimction as specified for the respective sequence in Table 2 in the 
column designated "identifi^"; (e) a polynucleotide which rq)resents a fiagmmt, derivative 
or allelic variation of a nucldc acid sequence specified m (a) to (d) and encodes a polypeptide 
exhibiting tbe biological function as specified for the respective sequence in Table 2 in the 
column designated "identifier"; in tiie prq)aration of a medicament for the treatment of pain 
inananimaL 

The present invention provies a pharmaceutical formulation comprising one or more 
polypeptides encoded by a polynucleotide selected fiom the group consisting of: (a) a 
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polynucleotide conqnismg any of the polynucleotides specifiedTin Table T-Im die~colmniis 
designated "rat gene** and "human gene", and wherein at least one of said two or more 
isolated polynucleotides is unique to Table 2 in the columns designated "rat gene" and 
"human gene"; (b) a polynucleotide encoding an amino add sequence selected from flie 
group consisting of: (i) amino add sequences which are homologue to any of tfie amino add 
specified in Table 2 in the columns designated "rat protein" and "human protein" by at least 
the homology as specified for the respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypeptide ^diibiting the biological function as specified for 
die respective sequence in Table 2 in the column designated "identifier"; (ii) the amino acid 
specified in Table 2 in the columns designated "rat protein" and 'liuman protein"; (c) a 
polynucleotide which hybridizes under high stringency conditions to a polynucleotide 
specified in (a) to (b) and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 2 in the column designated "identifier"; (d) a 
polynucleotide the nucldc add sequence or which deviates fix)m the nucleic add sequences 
specified in (a) to (c) due to the degeneration of the genetic code and encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence in Table 2 in the 
column designated "identifier"; (e) a polynucleotide ^^ch r^resents a fi:agment, derivative 
or allelic variation of a nucldc acid sequence q)ecified in (a) to (d) and mcodes a polypeptide 
exhibiting the biological function as spedfied for the respective sequence in Table 2 in the 
column designated "identifier"; and a carrier. 

The invention still further provides a pharmaceutical formulation comprising one or 
more antibodies which bind to one or more of tiie polypeptides encoded by a polynucleotide 
selected fiom the gioiq) consisting of: (a) a polynucleotide comprising any of the 
polynucleotides specified in Table 1-2 in the colunms designated "rat gene" and "human 
gene", and wherein at least one of said two or more isolated polynucleotides is umque to 
Table 2 in the columns designated "rat gene" and "human gene"; (b) a polynucleotide 
encoding an amino add sequence selected fiom the gcoiq) consisting of: (i) amino add 
sequences which are homologue to any of die amino acid specified in Table 2 in the columns 
designated "rat protem" and "human protdn" by at least &e homology as specified for the 
respective sequence in Table 2 in the column designated "%homology" and oicodes a 
polypq)tide exhibiting the biological function as specified for the respective sequence in 
Table 2 m the column designated "identifier"; (n) the amino add specified in Table 2 in the 
columns designated "rat protein" and 'liuman protein"; (c) a polynucleotide whidi hybridizes 
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under high striBgency conditions to a polynucleotide specified m (a) to (b) and mcodes.a 
polypeptide ^shibitiiig the biological fimction as spedfied for the respective sequence in 
Table 2 in the colunm desigoated "identifi^'; (d) a polynucleotide fhe nucleic add sequence 
or which deviates fix)m fhe nucleic add sequences specified in (a) to (c) due to the 
degraeration of the genetic code and encodes a polypeptide exhibiting the biological fimction 
as spedfied for the re^ective sequence in Table 2 in ttie colunm designated "idmtifier**; (e) a 
polynucleotide which represents a fi-agment, derivative or allelic variation of a nucldc add 
sequence specified in (a) to (d) and encodes a polypeptide ^diibiting the biological fimction 
as specified for tiie respective sequence in Table 2 in tiie colunm designated "identifier"; and 
a carrier. 

According to the invention, a sequence diffeientially expressed under pain conditions 
must be differentially expressed in tibie neurons of an animal subjected to nerve injury, or 
inflammatory pain, tiqis difiTerential expression in an animal subjected to nerve injury pain is 
detennined, according to the invention, in one or all of the following nerve injury pain 
models. A sequence which is differentially expressed according to the invention is a 
sequence which is differentially expressed in (1) an axotomy pain model, (2) a spared nerve 
injury pain model, (3) chronic constriction pain model, (4) spinal segmental nerve lesion pain 
model, or (S) an inflammation pain model, or may be differentially expressed in all five pain 
models. 

As used herein differraitial expression of a sequence in nerve tissue is determined in 
dther a ^erve injuiy pain moder or a ^inflammation pain moder, or both, lliere are four 
alternate nerve injury pain models by which differential expression can be determined 
according to the invention: axotomy, spared n^e injury (SNI), spinal segmmtal nerve 
lesion, and dnonic constriction. 

As used herein, an ''axotomy pain modd" refers to a situation in vsduch one or a 
plurality of peripheral nerve fibers is severed, dther by traumatic injury or experimental or 
surgical manipulation. An ''axotomy pain model" may fiirther refer to an experimental model 
in vMdi all of die axons of a given population of nerve cells are con^letely sevooed. For 
example, an "axotomy pain model" usefiil in the present invention may be a model in v^ch 
all of ttie axons tiiat comprise the sdatic nerve are surgically cut. All of die nerve cells in the 
dorsal root ganglion which gave rise to the axons of the sciatic nerve are thus said to be 
"axotomized". 
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As used herein, a '^spared nerve injury pain model" letecs toTa ^tuation in wbicn one 
of the tenninal branches of ttie sciatic n^ve is spared &om axotomy ODecosterd and Wool( 
2000 Pain 87: 149). The SNI procedure comprises an axotomy and ligation of the tibial and 
common peronial nerves leaving the sural nerve intact 

As used herein, a **spinal segmental nerve lesion" and ^'chronic constriction" refer to 
two types of ''neuropathic pain models" useful in the preset mvention. Both models are well 
known to diose of ddll in the art (See, for exanqple Kim and Chung, 1992 Pain SO: 355; and 
Bennett, 1993 Muscle Nerve 16: 1040 for a description of the ''segmratal nerve lesion" and 
"chronic constriction" respectively). A ''segmental nerve lesion" and/or "chronic 
constriction" neuropathic pain model may be evaluated for tiie pies^ice of ''pain"'Using any 
of the behavioral, electrophysiological, and/or neurochemical criteria described below. 

As used herein, an "inflammatory pain model" refers to a situation in vMch an animal 
is subjected to pain, as defined herdn, by the induction of peripheral tissue inflammation 
(Stein et aL, (1988) Pharmacol Biochem Bdim 31: 445-451; Woolf et aL, (1994) Neurosci. 
62, 327-331). The inflammation can be produced by injection of an irritant such as complete 
Freunds adjuvant (CFA), carrageenan, tuipratine, croton oil, and tiie like into the skin, 
subcutaneously, into a muscle, into a joint, or into a visceral organ. In addition, an 
"inflammatory pain model" can be produced by the administration of cytokines or 
inflammatory mediators such as Iqypopolysoccharide (LPS), or nerve growth factor (NGF) 
which can twiiniG tli^ ^ffi^tq nf inflatninfliion. An "inflammatory pain model" Can be 
evaluated for the presence of "pain" using behavioral, electrophysiological, and/or 
neurochemical criteria as described below. 

A polynucleotide is thus difierentiaUy expressed herein if it is differentially e3q)ressed 
in any or all of the axotomy, SNI, chronic constriction, segmental nerve lesion and 
inflammatory pain models. 

As used herein, "nerve tissue" refers to animal tissue comprising nerve cells, the 
neuropil, glia, neural inflammatory cells, and endothelial cells in contact with "nerve tissue". 
"Nerve cells" may be any type of nerve cell known to those of skill in the art including, but 
not limited to motor neurons, sensory neurons, enteric neurons, sympatiietic neurons, 
parasympathetic neurons, assodation neurons, and centidn^ous sy^ "dial 
cells" useful in the present invention include, but are not limited to astrocytes, schwan cells. 
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and oligodendrocytes, '^ftnml inftnTninftth fy ftftlk" ii5gftfiii in me present invennon mciunej 

but aie not limited to microglia. Ih:ef«rably/^rve tissue'' as used herein refers to nerve cells 
obtained fiom the dorsal root gangiUon, or dorsal hom of the spinal cord 

As used herein, "'sensory neuron** refers to any sensory neuron in an animal. A 
"'sensory neuron" can be a peripheral sensory neuron, central sensory neuron, or enteric 
sensory neuron. A '"sensory neuron'' includes aU parts of a neuron including, but not linu^ 
to the cell body, axon, and dendiite(s). A ""sensory neuron" refers to a neuron \^ch receives 
and transmits information (encoded by a combination of action potentials, neurotransmitters 
and neuropeptides) relating to sensory iiq>ut, including, but not limited to pain, heat, touch, 
cold, pressure, vibration, etc. Examples of ""sensory neurons" include, but are not limited to 
dorsal root ganglion neurons, dorsal hom neurons of ttie spinal cord, autonomic neurons, 
trigeminal ganglion neurons, and the like. 

As used herein, ""animal" tefcts to a organism classified vnMa the phylogenetic 
kingdom Animalia. As used herein, an ""animal" also refers to a mammal. Animals, useful in 
the present invention, include, but are not limited to mammals, marsiq>ials, mice, dogs, cats, 
cows, humans, deer, horses, sheep, livestock, and the like. 

As used herein, ""subjected" refers to a state of being in \^ch an animal is 
experiencing pain, wherein whether or not the animal is experiencing pain is detemrined 
using the behavioral, electrophysiological, and/or neurochemical criteria described above. As 
used herein, ""subjected" does not refer to the past &q>erience of pain only, but can also 
include the present GxpeAmce of pain. 

As used herein, ""polynucleotide" refers to a polymeric form of nucleotides of 2 1^) to 
1,000 bases in length, or even more, either ribonucleotides or deoxyribonucleotides or a 
modified form of either type of nucleotide. The term includes single and double stranded 
forms of DNA. The term is synonymo\is with "oligonucleotide". Polynxxcleotides of the 
invention include those indicated by accession number in Tables 1, 2, 3, 4, or 5, or a portion 
thereof. 

As used herein, '^polypeptide" refers to any kind of polypeptide such as peptides, 
human proteins, fiagments of human proteins, proteins or fragments of proteins fiom non- 
human sources, engineered versions proteins or fiagments of proteins, enzymes, antigens, 
dmgs, molecules involved in cell signalling, such as recq>tor molecules, antibodies, including 
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polypq>tides of the inununoglobulin super&mily, such as aSibody po]^pep&des'<)fTK^ll 
receptor polypeptides. Pcefarably, a "^polypeptide" useful according to the invention is 
indicated by accession number in Tables l,2,3,4,orS. Also included, are a jGragment, 
domain, or epitope of one or more of the polypeptides indicated in Tables 2, 3, 4, or 5 
provided that the fragment, domain, or q>itope maintains the same function as tibie protein 
indicated in Table 2, 3, 4, or 5, wherein the function of the polypq)tide is known to those of 
skill in the art Also included, are a fragment, domain, or epitope of one or more of the 
polypeptides indicated in Tables 2 or 3 provided that the fragmoDLt, domain, or epitope 
maintains the same function as the protein indicated in Table 2 or 3, under &e column 
heading ^identifiers, "description" or '^protein type" 

As used herein, the tenn * Vector" refers to a nucleic acid molecule capable of 
transporting another nucleic add to which it has been linked One type of vector is a 
"^lasmid", which refers to a circular double stranded nucleic add loop into vMch additional 
nucldcacidsegmmtscanbeligated. Another type ofvector is a '"viral vector^', \^erein 
additional nucleic acid segments can be ligated into the viral genome. Certain vectors are 
capable of autonomous replication in a host cell into which they are introduced (e.g., bacterial 
vectors having a bacterial origin of replication and episomal mammalian vectors). Other 
vectors (e.g., non-«pisomal mammaUan vectors) are integrated into the genome of a host cell 
upon introduction into the host cell, and thereby are replicated along with the host genome. 
Moreover, certain vectors are capable of directing the expression of genes to which they are 
operatively linked. Such vectors are referred to herein as "expression vectors". In general, 
expression vectors of utiUty in recombinant nucldc acid techniques are often in the fonn of 
plasmids. In the present specification, "^lasmid" and 'Vector" can be used interchangeably 
as the plasmid is the most commoidy used form of vector. However, the invention is 
intended to include such other fonoB of expression vectors, such as viral vectors (e.g., 
replication defective retroviruses, adenoviruses and adeno-associated viruses), which serve 
equivalent functions. 

As used herein, the term "hybridizing" or "hybridization" refers to the hydrogen 
binding with a complementary nucleic add, via an interaction between for example, a target 
nucldc acid sequmce and a nucleic acid member in an array. 



Typically, selective hybridization occurs when two nucldc acid sequences are 
substantially complementary (at least about 65% complementary over a stretoh of at least 14 
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to 25 nucleotides, preferably at least about 75%, mote pieteraoiy ai leasi aoout yuyo 
oonq>laneiitaiy). See Kandbisa, M., 1984, Nucleic Adds Res. 12: 203, incoipoiated herein 
byteference. As a result, it is expected that a certain degree of nusmalcih is tolerat Such 
mismatch may be small, such as a mono-, di- or tri-nucleotide. Alteroatively, a region of 
mismatch may encompass loops, which are defined as regions m which there exists a 
mismatch in an uninterrupted series of four or more nucleotides. 

Numerous &ctors influence the efficiency and selectivity of hybridization of two 
nucleic acids, for example a nucleic add member to a target nucldc acid sequmce. These 
factors include nucldc acid member l^gth, nucleotide sequence and/or composition, 
hybridization temperature, buffer conQ>osition and potential for steric hindrance in the region 
to which the nucldc add member is required to hybridize. 

A positive correlation exists between the nucldc acid member length and both the 
efficiency and accuracy with which a nucldc add member will anneal to a target sequence. 
In particular, longer sequences have a higjier melting temperature (Tm) than do shorter ones, 
and are less likely to be rq)eated within a given target sequence, thereby mimmizing 
promiscuous hybridization. Hybridization tenqierature varies inversely with nucldc add 
member annealing effidency, as does tiie concentration of organic solvmts, e.g., formamide, 
that might be included in a hybridization mixture, while increases in salt concentration 
&cilitate binding. Under stringent amiealing conditions, long^ nucldc acids, hybridize more 
efficientiy than do shorter ones, which are suffici^t under more permissive conditions. As 
herein used, tiie term ^'standard stringent conditions" means hybridization will occur only if 
tiiere is at least 95% and preferably at least 97% identity betwem the sequences, wherdn the 
region of identity comprises at least 10 nucleotides. In one embodiment, tiie sequences 
hybridize under stringent conditions following incubation of the sequences overnight at 42^C, 
followed by stringent washes (0.2X SSC at 65° C). As several fectors affect the stringency of 
hybridization, the combination of parameters is more important than the absolute measure of 
a single factor. 

As defined herein, an ^array" refers a plurality of unique nucldc adds attached to one 
sur&ce of a solid support at a density exceeding 20 different nucldc adds/cm^ wherein each 
of the nucldc adds is attached to the sur&ce of the solid support in a non-identical 
preselected region. In one embodiment, the nucldc add attached to the surface of the solid 
support is DNA. In a preferred embodiment, the nucldc add attached to the surfiice of the 
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solid support is cDNA. In another piefecred embodimeni (fie micl^ acia^afEachecl'&>Ue ^ 
sm&ce of the solid support is cDNA synthesized by polymerase chain reaction (PGR). 
Preferably, a nucleic acid coinprising an array, according to fhe invention, is at least 20 
nucleotides in length. Prefa:ably, a nucleic add comprismg an array is less than 6,000 
nucleotides in length. More preferably, a nucleic acid conq[)rising an array is less than 500 
nucleotides in length. In one mbodimeut, the array conqirises at least 500 different nucleic 
adds attached to one sur&ce of the solid siqyport. hi another embodimCTl, the array 
comprises at least 10 difG^rent nucleic adds attadied to one surface of tiie solid support hi 
yet another embodiment, the array comprises at least 10,000 different nucldc acids attached 
to one surface of the solid siq)port The term Nucleic acid", as used herein, is 
interchangeable with the term "^lynucleotide". 

As used herdn, ^'plurality" refers to more than two. Plurality, according to the 
invention, can be 3 or more, 100 or more, or 1000 or more. 

As used herdn, '^attadung" or ""spotting^ refers to a process of depositing a nucldc 
add onto a solid substrate to form a nucldc add array such that tiie nucldc add is 
iirevCTibly bound to the solid substrate via covalent bonds, hydrogen bonds or ionic 
interactions. 

As used herein, ^'stably associated" refers to a nucleic acid that is irreversibly bound 
to a soUd substrate to form an array via covalent bonds, hydrogen bonds or ionic interactions 
such that the nucleic add retains its unique preselected position relative to all other nucldc 
acids that are stably associated with an array, or to all other preselected regions on the solid 
substrate under conditions wherein an array is analyzed (i.e., hybridization and scanning). 

As used herein, "solid substrate" or "solid support" refers to a material having a rigid 
or semi-rigid surface. The tenns "substrate" and "support" are used int^changeable herein 
with the terms "solid substrate" and "solid support". The solid support may be biological, 
non-biological, organic, inorganic, or a combination of any of tiiese, existing as particles, 
strands, precipitates, gels, sheets, tubing, spheres, containers, capillaries, pads, slices, films, 
plates, sUdes, etc. Often, the substrate is a siUcon or glass sur&ce, (poly)tetrafhu>roethylene, 
(poly)vinyUdendifluoride, polystyrene, polycaibonate^ a diarged membrane, sudi as nylon 66 
or nitrocellulose, or combinations thereof. In a preferred embodiment, the solid support is 
glass. Preferably, at least one sur&ceofthe substrate will be substantially flat Preferably, 
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Ihe sur&ce of the solid siqypoit will contain reactive ffoups, mciuaing, out not mmiea to, 
caiboxyl, amino, hydioxyl, fhiol, or tiie like. In one embodiment, flie sm&ce is optically 
transparent 

As used herein, ^'preselected region*', ''predefined region", or "unique position" refers 
to a localized area on a substrate which is, was, or is intended to be used for the deposit of a 
nucleic acid and is otherwise referred to herein in the alternative as a "selected region" or 
simply a "regioiL*' The preselected region may have any convenient shq)e, e.g., circular, 
rectangular, elliptical, wedge-shqped, etc. In some embodiments, a preselected region is 
smaller than about 1 cm^ more preferably less than 1 mm^ still more preferably less than 0.5 
mm^ and in some embodiments about 0.12S to 0.5 mm^a 

As used herein, **unique to Table X", vdiere 'X" is one or more of 2, 3, 4, or 5, refers 
to a polynucleotide or polypeptide sequence which is indicated in Table X, but is not 
indicated in Table 1. 

As used herein, the term "level of expression" refCTS to tihie measurable expression 
level of a given nucleic acid. The level of expression of a nucleic acid is determined by 
methods well known in tiie art The term "differentially expressed" or "differential 
eiqjression" refers to an increase or decrease in the measurable expression level of a given 
nucleic acid. As used herein, "differentially expressed" or "differential expression" means 
the difference in the level of expression of a nucleic acid is at least 1.4-fold or more in two 
samples used for comparison, both of which are compared to the same normal standard 
sample. "Differentially expressed" or "differential expression" according to the invention 
also means a 1 .4-fold, or more, up to and including 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or 
more difference in the level of expression of a nucleic add in two samples used for 
comparison. A nucleic acid is also said to be "differentially expressed" in two samples if one 
of the two sanq>les contains no detectable expression of a given nucleic add, provided that 
the detectably expressed nucldc add is expressed at +/- at least 1.4 fold. Differential 
e>q>ression of a nucleic acid sequence is "inhibited" the difference in the level of expression 
of the nucldc acid in two or more sanq>les used for comparison is altered such that it is no 
longer at least a 1.4 fold difi^^^ce. Absolute quantification of &e level of expression of a 
nucldc acid may be acconq[)lished by including a known concentration(s) of one or more 
control nucldc add q)edes, generating a standard curve based on the amount of the control 
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nucleic acid and extrapolating the expression level of Ae'^^mknown" nucleic add species 
ftom the hybridization intensities of the unknown with lespect to the standaid curve. 

Alternatively, "differential expression", according to the invention, refers to a 1.2 fold 
increase or decrease in the level of expression of a nucleic acid in an animal subjected to pain 
conq>ared to the level of expression in an animal not subjected to ttie same pain, combined 
with a statistical significance of pO.OS in at least three rq>licate assays of gene esqpression. 
Calculation of a statistically significant 1.2 fold dneshold in the increase or decrease in the 
difference of expression of anucleic add, when compared to anonnal standard sample is 
based on a statistical analysis of triplicate array data points using, for ^cample, a student's t- 
test ""Differential e>q)ression" of a polynucleotide sequmce, as used h^in, is established if 
the expression of a sequence measured in several types of animal pain model, such as nerve 
injury models or an inflammation model, is increased or decreased by at least 1 .2 fold in at 
least one of the pain models, and if the differential expression is found to be significant 
across three replicate analyses of differential expression in an animal pain model. 
Alternatively, a differentially pressed polynucleotide may be diffo^tially expressed in 
several animal pain models. 

The ""levd of expression" is measured by hybridization analysis using labeled target 
nucldc adds according to methods well known in tiie art (see, fi>r exanqile, Ausubel et al.. 
Short Protocols in Molecular Biology. 3"^ Ed. 1995, John Wiley and Sons, Inc.). The label on 
the target nucleic add is a luminescent label, an enzymatic liibel, a radioactive label, a 
chemical label or a physical label. Preferably, the target nucleic adds are labeled with a 
fluorescent molecule. Preferred fluorescent labels include fluorescein, anuno coumarin acetic 
add, tetramethyhhodamine isothiocyanate (TRTTC), Texas Red, Cy3 and Cy5. 

As used herein, ^'differential expression" -when measured using microarray 
hybridization as described herein, can be detramined using one or more of tiiree alternate 
measurements: (1) The hybridization intensity can be measured by comparing the level of 
hybridization of nucldc acid samples obtained firom a naive animal to the level of 
hybridization of nucldc add sanqiles fixnn an animal subjected to any of the pain models 
described horein. This measurement is termed the ^'intensity ratio". (2) Alternatively, a 
method of measuring "'differential expression" is to utilize the ""Afiymetrix ratio" which is 
obtained by analyzing the hybridization levels obtained ftom nucleic add samples obtained . 
ftom a naive animal and those obtained ftom nucleic acid samples obtained ftom an animal 
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subjected to any of the pain models described herein, usiAg ffie'kotcware pioviaea witn me 
Afiymetrix Microaccay software suite (Af^etrix, Santa Clara, CA). The Af^etrix ratio 
can be determined by following the protocols included with flie Af^etrix brand software 
and microarray analysis equipment Whether measured using tibe intensity ratio or the 
Afiymetrix ratio, a nucleic acid molecule of the present invention is difTerentially expressed 
if it demonstrates at least a 1.4 fold change m expression levels in an animal subjected to tiie 
neuropatibic or inflammation pain as desoibed herem relative to an animal not subjected to 
the same pain. (3) Preferably, ^'dififorential expression" is measured in either a nerve injury 
model, or inflammation pain model, or both, at multiple time points afi^ an animal has been 
subjected to pain. ^^Differential expression" is fiirther measured in at least three replicate 
saiiQ)les for each tune point, and for multiple pain models (e.g. nerve injury models, an 
inflammation models), such that a statisitcal evaluation may be made of the significance of 
the differential egression. Accordingly, a polynucleotide sequence is "differentially 
expressed" if it is differentially expressed by at least 1 .2 fold, with a p-value of less than 0.05 
across at least three replicate expression assays. The fold differential ^ression, when 
paired with tiie statistical analysis of at least three replicate expression assays, can be 
measured using either of the '"intensity ratio" or "afiymetrix ratio" described above. 

DESCMFnON OF THE DRAWINGS 

Figure 1 shows the data firom a representative Northern analysis performed on ta^ 
nucleic acid obtained 6om dorsal root gan^on neurons 6om a rat axotomy pain model. > 

Figure 2 shows the in situ hybridization of dorsal root ganglion tissue sections witii 
labeled oligonucleotide probes specific for SNAP, c-jun, or TrkA. 

Figure 3 shows the in situ hybridization of dorsal root ganglion tissue sections with 
labeled oUgonucleotide probes specific for GTPcylco, lES-JE, CCHL2A, or VGF. 

DETAILED DESCRIPTION 

The pr^ent invention is based, in part, on tiie discovery that the polynucleotides Usted 
in Tables 1, 2, 3, 4, or 5 are differentially e^qnressed by at least +/- 1.4 fold in nerve injury 
and/or inflammation animal pain models. While the polynucleotides listed in Table 1 have 
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been previously suggested to be regulated in pain models tfie present invention is 
distinguished over the prior art in that only polynucleotides which demonstrate at least a +/- 
1.4 fold change in exprcsaion in a neuropaidiic and/or inflanunation animal pain model are 
consid»:ed to be differentially expressed according to the invention. The invention further 
provides the polynucleotides listed in Tables 2, 3, 4, or 5 which are differentially expressed 
by at least +A 1 .4 fold in a nerve injury or inflammation animal pain model, but which have 
not previously been suggested to be regulated in animal pain mo^dels (i.e.y which are not 
indicate in Table 1). In addition, the invention provides the polynucleotides listed in Table 2 
which have been identified herein as beind differentially expressed by at least +/- 12 fold in 
triplicate assays in multiple uctvc injury and inflammation pain models, with a p-value of less 
than 0.05. The invention further provides methods for identifying nucleic acid sequences 
which are differentially regulated in animals that have been subjected to pain, wherein 
differential expression is defined as an increase or decrease of the expression of the nucleic 
acid sequence by at least 1 .2 fold compared to the same sequence in an animal which has not 
been subjected to pain, in triplicate assays with a statistical significance of p<O.OS. The 
invention further provides methods for identifying nucleic acid sequences which are 
differentially regulated in animals that have been subj ected to pain, wherein differential 
eT^ression is defined as an increase or decrease of the escpression of the nucleic acid 
sequence by at least 1 .4 fold compared to the same sequence m an animal which has not been 
subjected to pain. The invention fiirther provides mefiiods of constructing arrays comprising 
isolated nucleic acid sequences winch are differentially regulated in pain, and methods of 
sa:eening for potential therq)eutic compounds which may alter the expression of these 
sequences using the arrays. The invention also relates to methods for screening for candidate 
conq)ounds ^tich are cq>able of regulating the expression of one or more of the 
polynucleotide sequences of Tables 1, 2, 3, 4, or 5, or which are cs^able of regulating the 
^tivity of one or more of the polypeptides indicated in Table 1, 2, 3, 4, or 5, or a polypeptide 
encoded by one or more of the polynucleotides indicated in Table 1, 2, 3, 4, or 5, or which are 
citable of modulating pain in an axiimal. As described above, animals which have been 
subjected to pain include animal models of pain, in which the animal has been artificially 
manipulated to mimic one or more types of pain, including physiological, inflammatory, or 
neuropathic pain. Animals subjected to pain also include animals which have experienced 
pain as the result of a traumatic injury, or animals which have ^erienced physiological, 
inflaromatoiy, or neuropathic pain not induced in tiie setting of an animal model. 
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Pain 

The present invention relates to polynucleotides which are differentially expressed in 
(a) an animal that is subjected to pain relative to (b) an animal not subjected to pain. 
According to the invention, the pain to which the animals of (a) and (b) are subjected is the 
same pain, that is, if a polynucleotide is differentially expressed in an axotomy pain model 
then the differential expression is relative to the ejqyression of the polynucleotide in an animal 
which is not an axotomy pain model. 

As used herein, ^ain" refers to a state-dependent sensory experience generated by the 
activation of peripheral sensory neurons, the nociceptors. As used herein, "pain'' refers to 
several different types of pain, including physiological or protective pain, inflammatory pain 
that occurs after tissue damage, and neuropathic pain which occurs after damage to the 
nervous systeuL Physiological pain is initiated by sensory nociceptor fibers innervating the 
peripheral tissues and activated only by noxious stimuli, and is characterized by a high 
threshold to mechanical and theimal stimuh and rq>id, transient responses to such stimuh. 
Inflammatory and neuropathic pain are charact^ized by displays of behavior indicating either 
spontaneous pain, measured by q)ontaneous flexion, vocalization, biting, or even self 
mutilation, or abnormal hypersensitivity to normally innocuous stimuh or to noxious stimuh, 
such as mechanical or thermal stimuh. Regardless ofthe type ofpain, as used herem '"pain" 
can be measured using behavioral criteria, such as thennal and mechanical seaositivity, weight 
bearing, visceral hypers»sitivity, or spontaneous locomotor activity, electrophysiological 
criteria, such as in vivo or in vitro recordings fiom primary sensory neurons and central 
neurons to assess changes in recq>tive field properties, excitabihty or syn^tic input, or 
neurochemical criteria, such as changes in Ihe expression or distribution of neurotransmitters, 
neuropeptides and proteins in primary sensory and central neurons, activation of signal 
transduction cascades, expression of transcription &ctors, or phosphorylation of protems. 

Behavioral criteria used to measure '^ain'' include, but are not limited to mechanical 
aUodynia and Hyperalgesia, and tenq)eratureallodyma and hyperalgesia. Mechanical 
allodynia is ^erally measured using a series of ascending force von Frey monofilaments. 
The filaments are each assigned a force vMch must be spphed longitudinally across the 
filament to produce a bend, or bow in the filammt Thus the a|ypHed force which causes an 
animal to withdraw a limb can be measured (Tal and Bennett, 1994 Pain 57: 375). An 
animal can be said to be experiencing '"pain** if the ammal draionstrates a withdrawal reflex 
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in teq;K>nse to a force lliat is rediu^ 

witibdiawal reflex in an animal vvbich is not in '^ain". In one mbodiment, an animal is said 
to be experiendng"paitf' if the withdrawal refl^^ 40%, 
50%, 60%, 70%, 80%, 90% and as much as 99% compared to the force required to elicit a 
similar reflex in a nafve animal . 

Mechanical hypersensitivity can be measured by q>plying a sharp object, such as a 
pin, to the sldnofananinid with a fon^e sufficient to indent, but not penetrate The 
duration of withdrawal fix>m the sharp stimulus may then be measured, wherein an increase in 
the duration of withdrawal is indicative of "^ain" (Decostard et al., 1998 Pain 76: 159). For 
example, an animal can be said to be e3q)eriencing ""pain" if the withdrawal duration 
following a shatp stimulus is increased by at least 2 fold conq>ared with an animal that is not 
experiencing "^pain". In one ^bodiment, an animal is said to be experiencing '^ain" if the 
withdrawal duration is increased by 3, 4, 5, 6, 7, 8, 9, and iq) to 10 fold compared to an 
animal not experiencing '^ain". 

Temperature allodynia can be measured by placing a drop of acetone onto tiie skin 
sur&ce of an animal using an instrument such as a blunt needle attached to a syringe without 
touching the skin with the needle. The rapid evaporation of the acetone cools the skin to 
which it is q>plied. The duration of the withdrawal refuse to tiie cold sensation can then be 
measured (Choi et aL, 1994 Pain 59: 369). An animal can be said to be in**pain" if the 
withdrawal duration following acetone application is inareased by at least 2 fold as conq>ared 
toananimaltiiatisnote3qperiencing''pain''* According to the invention an animal can be 
said to be in ""pain" if the withdrawal duration following thermal stimulation is mcreased by 
4, 6, 8, 10, 12, 14, 16, 18, and iq) to 20 fold compared to an animal not experiencing '^>ain''. 

Tentperature hyperalgesia can be measured by exposmg a portion of tide skm sm&ce 
of an animal, such as the plantar sur&ce of the foot, to a beam of radiant heat through a 
tran^arent persfpex surfoce (Hargreaves et al., 1988 Pain 32:77). The duration of witiidrawal 
jGbom the heat stimulus may be measured, wherein an increase in the duration of withdrawal is 
indicative of ''pain". An animal can be said to be experiencmg'*pain''iftfae duration of the 
withdrawal from the heat stimulus increases by at least 2 fold conqpared with an animal that is 
not experiencing '^ain''. In addition, an animal can be said to be experiencing ^^pain" if the 
duration of the withdrawal from heat stimulus is increased by 3, 4, S, 6, 7, 8, 9, and up to 10 
fold compared with an animal that is not e}q>eriencing "pain". 
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Id addition to the behavioral criteria described abov^ m animal canbe di^ed to be 
experiencing **pain" by measuring electrophysiolo^cal changes^ in vitro or in vivo, in 
primary sensory, or central sensory neurons. Electrophysiological changes can include 
increased neuronal excitability, changes in receptive field inputy or increased synaptic input 
The technique of measuring cellular physiology is well known to those of skill in the art (see, 
for example, EQlle, 1992 Tnn nhannft ls of excitable membranes . Sinauer Associates, Inc., 
Sunderland, MA). An increase in neuronal excitability may be identified, for example, by 
measuring an increase in the number of action potentials per unit time in a given neuro An 
animal is said to be experiencing "^ain'^ if there is at least a 2 fold increase in the action 
potential firing rate compared with an animal that is not experiencing ^ain/' In addition, 
and anintial can be said to be experiencing "^pain^ if tiie action potential firing rate is increased 
by , 3, 4, 5, 6, 7, 8, and up to 10 fold compared to an animal that is not experiencing **pain". 
An increase in synaptic input to a sensory neuron, either peripheral or central, maybe 
identified, for example, by measuring the rate of end-plate excitatory potentials (EPSPs) 
recorded in fix)m the neuron. An animal is said to be experiencing ^ain'' if there is at least a 
2 fold, 3, 4, 5, 6, 7, 8, and up to 10 fold increase in the rate of EPSPs recorded fiom a given 
neuron compared to an animal that is not esqieriencing paixL 

Alternatively, neurochemical criteria may be used to determine whetiier or not an 
animal is experiencing ''pain". For example, an animal \^ch has experienced ''pain" will 
display changes in the expression or distribution of neurotransmitters, neuropeptides and 
protein in primary sensory and central neurons, activation of signal transduction cascades, 
expression of transodption factors, or phosphorylation of proteins. Gene and protem 
expression, and phosphorylation of proteins such as transcription factors may be measured 
using a number of techniques known to those of skill in the art including but not limited to 
PCR« Southern analysis, Northem analysis. Western analysis, immunohistochemistry, and the 
like. Bxan^les of signal transduction pathway constituents which may be activated in an 
animal wMch is experiencing pain include, but are not limited to 
Examples of genes which may exhibit enhanced expression include immediate early genes 
such Qs c-fos, protem kinases such as PKC and PKA. Exaniples of otiier proteins which may 
be phosphorylated in an animal experiencing pain include receptors and ion channels sudi as 
the NMDA or AMPA recqptors. Regardless of whether the measure is of transoiption, 
translation or phosphorylation an animal can be said to be e3q)eriencing ''pain" if one 
measures at least a 2 fold increase or decrease in any of these parameters compared to an 
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aiiitxial not e3q)erieQcmg pain. An animal can be fuilhersaiirto'beex^^ 

there is a 3, 4, S, 6, 7» 8, and tq> to 1 0 fold increase in the measurement of any of fiie above 

parameters compared to an animal not e}q)eriencing '^pain''. 

As used herein, **pain'* refers to any of the behavioral, electrophysiological, or 
neurochemical criteria described above. In addition, ''pain'' can be assessed using 
combinations of these cdteria. 

As used herein, "pain*' can refer to '*pain'* experienced by an animal as a result of 
accidental trauma (e.g., falling trauma, bum trauma, toxic trauma, etc.), congenital deformity 
or malformation, infection (e.g., inflammatory pain), or other conditions which are not within 
the control of die animal experiencing the ''pain". Alternatively, "pain" may be inflicted onto 
an animal by subjecting the animal to one or more "pain models". 

The present invention comprises polynucleotide sequences tbiat are diffeientially 
expressed in nerve injiuy pain models, including axotomy, SNI, chronic constriction, and 
segmental nerve lesion, as well as inflammation pain models. It is also within the scope of 
the present invention that the polynucleotides described herein as being differentially 
expressed in nerve injury, or neuropathic pain models may be also differentially expressed in 
other pain models known to those of skill in tiie art 

As used herein, a ^ain model" re£^ to any manipulation of an animal during which 
the animal experiences "pain", as defined above. "Pain models" can be classified as tiiose 
that test the sensitivity ofnonnal animals to int^ise or noxious stimuli These tests include 
responses to tiiennal, mechanical, or chemical stimuU. Thermal stimuli is usually hot (42 to 
5S^Q and includes radiant heat to the tail (the tail flick test) radiant heat to the plantar sur&ce 
of the hinc^aw (the Hargreaves test, supra), the hotplate test, and immersion of the hinc^aw 
or tail in hot water. Alternatively, thermal stimuK can be cold stimulus (30** to -10° C), such 
as immersion in cold water, acetone evq)oration or cold plate tests which may be used to test 
cold pain responsiveness using the thresholds discussed above. The end points are latency to 
response and the duration of the response as well as vocalization and Ucking the paw, as 
described above. Mechanical Stimuli typically involves measurements of the tiireshold for 
eUciting a withdrawal reflex of the hindpaw to graded strength monofilament von Frey hairs 
wherein one can measure the force of the filament required to elicit a reflex. Alternatively, 
mechanical stimiih can be a sustained pressure stimulus to a paw (e.g., the Ugo Basila 
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analgesiometer). The duiation of lespoose to a standaid pin pncK can aiso oe measurcu. 
Tbieshold values for identifying a stimulus tiiat causes ^'pain" to the animal aie described 
above. Chemical StimufitypicaUy involves the appUcation or injection of a chemical 
to the skin, muscle joints or intemal organs like the bladder or p^toneum. Irritants can 
include cq)saicin, mustard oil, brad^dnin, ATP, formalin, or acetic acid The outcome 
measures include vocalization, licking the paw, writhing or spontaneous flexion. 

Alternatively, a "pam model** can be a test that measures changes m the excitability of 
tiie peripheral or central conqx>neats of the pain neural pathway pain sensitization, termed 
"^peripheral sensitization" and ""central s^isitization*'. "Teripheral Sensitization** involves 
changes in the threshold and responsiveness of high threshold nodcqitors which can be 
induced by: repeated heat stimuli, or i^lication or injection of sensitizing chemicals (e.g. 
prnstaglandins^ hradykiniiij histamine^ serotonin, c^saicin, mustard oil). The outcome 
measures are thermal and mechanical sensitivity in the area of application/stimulation using 
the techniques described above in behaving animals or electrophysiological measurements of 
single sensory fiber receptive field properties either in vivo or using isolated skin nerve 
preparations. ""Central sensitization** involves changes in the excitability of neurons in tiie 
central nervous system induced by activity in peripheral pain fibers. ""Central sensitization" 
can be induced by noxious stimuli (e.g., heat) chemical irritants (e.g., injection/application of 
capsaicin/mustaid oil or formalin or electrical activation of sensory fibers). The outcome 
measures are: behavioral, electrophysiological, and neurochemical. 

Alternatively, a ""pain model** can refer to those tests tirnt measure the effect of 
peripheral inflammation on pain sensitivity. The inflammation can be produced by injection 
of an irritant such as conq>lete Freunds adjuvant, carrageenan, turpentine, croton oil etc into 
the skin, subcutaneously, into a muscle into a joint or into a visceral organ. Production of a 
controlled UV light bum and ischaemia can also be used. Admiidstration of cytokines or 
inflammatory mediators such as Upopolysaccharide (LPS), or nerve growth fector (NGF) can 
mimic tiie effects of inflanmiation. The outcome of these models may also be measured as 
behavioral, electrophysiological, and/or neurochsnical changes. 

FurttiCT, a ""pain model*' includes those tests that mimic peripheral neuropathic pain 
using lesions of the peripheral nervous system. Examples of such lesions include, but are not 
limited to complete transection of a periph^al nerve (axotomy; Watson, 1973, J. Physiol. 
231:41), liagation of a spinal segmental nerve (Kim and Chung, 1992, Pain, 50:355-63), 
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partial nerve injury (Seltz^, 1979, Pain, 29: 1061), Spared l^erve injury model (Uecostera 
and Wool^ 2000, Pain 87:149), chronic constriction injury (Bennett, 1993 Muscle N^e 16: 
1040), toxic neuropalfaies, such as diabetes (streptozocin model), pyridoxine neuropalhy, 
taxol, vincristine and other antineoplastic agent-induced neuropathies, ischaemia to a nerve, 
peripheral neuritis models (e.g., CFA s^lied perineurally), models of postherpetic neuralgia 
using HSV infection. Such neuropatiuc pain models are also referred to herin as a "^erve 
injury pain model". The outcome of tiiese neuropathic or nerve injury ''pain models" can be 
measured using behavioral, electrophysiological, and/or neurochemical criteria as described 
above. 

In addition, a '^ain model" refers to tiiose tests that mimic central neuropatiiic pain 
using lesions of the central nervous system. For example, central neuropathic pain may be 
modeled by mechanical compressive^ ischemic, infective, or chemical injury to the spinal 
cord of an animal. The outcome of such a model is measured using the behavioral, 
electrophysiological, and/or neurochemical crit^ described above. 

Idmtification of Nucleic Add Sequences Differentially Expressed in Pain 

In one embodiment, the present invention provides isolated nucleic acid sequences 
which are differentially regulated in an animal which has been subjected to neuropathic pain 
relative to an animal not subjected to neuropathic pain, and a method for identifying such 
sequences. The present invention provides a method for identifying a nucleotide sequence 
which is differentially regulated in an animal subjected to pain, comprising: hybridizing a 
nucleic acid santple corresponding to KNA obtained from the animal to a nucleic add sample 
conqyrising one or more nudeic add molecules of known identity; and measuriag the 
hybridization of the imcldc acid sample to the one or more nucldc add molecules of known 
identity, wherein a 1 .4 fold difference in the hybridization of the nucldc acid sample to the 
one or more nucldc acid molecules of known identity relative to a nucldc add sample 
obtained fiom an animal ^^ch has not been siibj ected to the same pain is indicative of the 
differential esqnession of the nucleotide sequence in an animal subjected to pain« 
Altematively, the invention provides a method for identifying a nucleotide sequence which is 
differentially regulated in an animal subjected to pain, comprising: hybridizing at least tiiree 
repUcates of a nucldc acid sample corresponding to RNA obtained fiom fhe animal to at least 
three rq)licates of a nucldc add sanq)le conqirising one or more nucldc add molecules of 
known identity and measuring tiie hybridization of the nucldc add sanq>le to the one or more 
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nucleic acid molecules of known identity for eadi of saidreplicaies. A X.1 Wd £tference m 
tbe hybridization, and a p-value of less than 0.05 across the rqplicates, of the nucldc add 
sample to the one or more nucleic acid molecules of known identity relative to a nucleic add 
sample obtained from an animal whidi has not been subjected to pain is indicative of the 
difTerential expression of the nucleotide sequence in tiie animal subjected to pain 

Generally, the present invention provides a method fyr identifying nucldc acid 
sequences which are differentially regulated in an animal which has been subj ected to pain 
comprising isolating messenger BNA fix>m an animal, generating cRNA fix>m the mKNA 
sample, hybridizing the dRNA to a microanay con9>rising a plurality of nucldc add 
molecules stably assodated with discrete locations on the array, and identifying patterns of 
hybridization of the cKNA to the array. According to the present invention, a nucldc acid 
molecule which hybridizes to a given location on the array is said to be differentially 
regulated if the hybridization signal is at least 1.4 fold hi^er or lower than the hybridization 
signal at the same location on an identical array hybridized with a nucleic add sanqile 
obtained from an animal that has not been subjected to pain. Alternatively, at least three 
independent replicate RNA samples are generated and hybridized to at least three replicate 
arrays, such that statistical significance may be confered to the fold change in expression of a 
sequence in an animal subjected to pain relative to an animal not subjected to pain, wherien a 
1.2 fold change in expression and a p-value of less tiian 0.05 is indicative of differential 
egression. 

Nucleic Add Samples 

Nucleic add san^^les to be examined for differentially regulated sequences may be 
obtained from animals using techniques that are well described in the art Ihapreferred 
embodiment of the invention, the animal from whidi the nucleic acid is obtained is a pain 
model In one embodiment, an animal pain model is an experimental model which tests the 
sensitivity ofnormal animals to intense or noxious stimuh. These tests include responses to 
thermal, mechanical, or diemical stimuli. Thermal stimuU is usually hot (42 to 5S^C) and 
includes radiant heat to flie tail (the tail flick test) radiant heat to the plantar sur&ce of the 
hin<^aw (the Hargreaves test, supra), the hotplate test, and immersion of the hindpaw or tail 
in hot water. Altematively, thermal stimuli can be cold stimulus (SO*' to - 1 0° C), sudi as 
immosion in cold water, acetone evaporation or cold plate tests which may be used to test 
cold pain responsiveness using the thresholds disciissed above. The end points are latency to 



wo 03/016475 PCT/US02«5765 

38 

response and the duialion of the response as well as vocanzanonanariiCkmgTneimvi^ as "~ ^ 
described above. Medianical stimuli typically involves measurements of the threshold for 
eliciting a withdrawal reflex of the hindpaw to graded strength monofilament von Frey hairs 
wherein one can measure the force of ttie filament required to elicit a reflex. Alternatively, 
mechanical stimuli can be a sustained pressure stimulus to a paw (e.g., the Ugo Basila 
analgesiometer). The duration of response to a standard pin pnck can also be measured. 
Threshold values for identifying a stimulus that causes "'pain'* to the animal are described * 
above. Chemical Stimuli typically involves the s^Iication or injection of a chemical irritant 
to the skin, muscle joints or internal organs like the bladder or peritoneunL Irritants can 
include capsaicin, mustard oil, brad)idnin, ATP, formalin, or acetic acid. The outcome 
measures include vocalization, licking the paw, writhing or spontaneous flexion. In an 
altemate embodiment, the animal pain model is designed to measure changes in the 
excitability of the peripheral or central components of the pain neural pathway pain 
sensitization, termed peripheral sensitization and central sensitization. Peripheral 
Sensitization involves changes in the threshold and responsiveness of high threshold 
nociceptors which can be induced by: repeated heat stimuli, or qyplication or injection of 
sensitizing chemicals (e.g. prostaglandins, bradykinin, histamine, s^otonin, capsaicin, 
mustardoil). The outcome measures are thermal and medianical sensitivity in the area of 
appUcation/stimulation using the techniques described above in behaving animals or 
electrophysiological measuremqits of single sensory fiber rec^tive field properties either in 
vivo or using isolated skin nerve preparations. Central sensitization involves changes in the 
excitability of n^irons in the central nervous system induced by activity in pmpheral pain 
fibers. Central SCTsitization can be induced by noxious stimuli (e.g., heat) chemical irritants 
(e.g., injection/apphcation of c^saicm/mustard oil or fonnalm or electrical activation of 
sensory fibers). The outcome measures are: behavioral, electrophysiological, and 
neurochemical. In a finttier embodiment, the animal pam model is an e]q)erimental model 
fliat measures the effect of peripheral inflammation on pain sensitivity. The inflammation 
can be produced by injection of an irritant such as complete Freunds adjuvant, carrageenan, 
turpentine, ctoton oil etc into the skin, subcutaneously, into a muscle into a joint or into a 
visceral organ using doses and administration techniques that are well known in the art 
Production of a controlled UV Ught bum and ischaemia can also be used. Administration of 
cytokines or inflammatory mediators such as lipopolysaccharide (LPS), or nerve growth 
fector (NGF) can mimic the effects of inflammation. The outcome of these models may also 
be measured as behavioral, electrophysiological, and/or neurochemical chahges. 
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la a pre f erred embodiment, fhe animal pain model HLdaennai'mmiic pisnpjaerar 
neuiopattiic pain using lesicms of the peripheral nervous system (i.e., a nerve injury model). 
Examples of such lesions include, but are not limited to complete transection of a peripheral 
nerve (axotomy; Watson, 1973, J. Physiol. 231:41), liagation of a spinal segmental nerve 
(Kim and CSiung, 1992, Pain, 50:355-63), partial nerve injury (Seltzer, 1979, Pain, 29: 1061), 
Spared N^e Injury model (Decosterd and Wooli^ 2000, Pain 87:149), chronic constriction 
injury (Bennett, 1993 Muscle Nerve 16: 1040), toxic neuropalhies, such as diabetes 
(streptozocin model), pyridoxine neuropathy, taxol, vincristine and other antineoplastic 
agent-induced neuropathies, ischaemia to a nerve, peripheral neuritis models (e.g., CPA 
applied perineurally), models of postherpetic neuralgia using HSV infection. The outcome of 
these neuropathic pain models can be measured using behavioral, electrophysiological, and/or 
neurochemical criteria as described above. Alternatively, the neuropathic animal pain model 
may be one which mimics central neuropathic pain using lesions of the central nervous 
system. For exan:iple, central neuropathic pain may be modeled by mechanical compressive, 
ischemic, infective, or chemical injury to the spinal cord of an animal. The outcome of such 
a model is measured using the behavioral, electrophysiological, and/or neurochemical criteria 
desoibed above. 

In a furthCT preferred embodiment, the animal pain model is a model which mimics 
inflammation using injectable irritants and/or inflammatory mediators. Examples of such 
models include animals which are injected with, for exatqple complete Freimds adjuvant 
(CFA), carrageenan, turpentine, croton oil, cytokines, lippopolysoccharide (LPS), or nerve 
growth fector (NGF) (Stein et al., 1988 Pharmacol Biochem Behav 31 :445; Woolf et al., 
1994, Neuroscience, 62: 327). The outcome of inflammation pain model can be measured 
using behavioral, electrophysiological, and/or neurochemical criteria as described above. 

Alternatively, nucleic acid samples may be obtained fix)m animals which are not pain 
models, but which have been subjected to pain as a result of traumatic injury, infection, 
genetic, or congenital birth defects, and the like. In addition, nucleic acid samples may be 
obtained from an animal which is not a pain model, and which has not been subjected to pain 
as a result of a traumatic injury, or infection. Such an animal is termed a '^naive^' animal, and 
the e}q)ression of nucleic acid sequences in the nalVe animal can be compared to the 
expression of the same nucleic add molecules in animals subjected to pain to determine 
difiTerential expression. v 
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Nucleic acid samples, useful in flie presmt invCTfioflTot OetSfdSfflbglcIill^F^r^ 
expression of nucleic add sequences in an animal subj ected to pain may be obtained fiom 
any cell of fhe animal. In a piefened embodiment, the nucleic add is obtained fiom one or 
more sensory neurons of the animal. In a further preferred embodiment the nucleic add is 
obtained fiom the primary sensory neurons of the dorsal root ganglion or dorsal horn of the 
spinal cord. Howevo:, nucldc add may be obtained fiom other neurons including, but not 
limited to cranial nerve nucld, peripheral and/or central autonomic neurons, enteric neurons, 
flialamic neurons, and neurons of sensory regions of the cortex such as primary sensory 
cortex. 

Sensory neurons may be obtained 6om an animal using techniques that are 
well established in the art For example, in embodiments where nucldc acid sanq>les are to 
be obtained fix)m rat dorsal root ganglion (DRG) neurons, rats (whether naive or pain models) 
are r^idly killed by decq)itation and the DRG is dissected, removed and quickly smq>-fiozen 
on a bed ofcrushed dry ice, or in liquid nitrogen. RNA is then extracted fiom the tissues, 
also using techniques that are well known in the art (see, for example, Ausubel suprci). For 
example, the tissue is prepared by homogenization in a glass teflcm homogenize in 1 ml 
denaturing solution (4M guanidinium thiosulfate, 25 mM sodium citrate, pH 7.0, 0. IM 2-ME, 
0.5% (w/v)N-laurylsaikosine) per lOOmg tissue. FoUowingtransfCTof thehomogenateto a 
5-ml polypropjdene tube, 0.1 ml of 2 M sodium acetate, pH 4, 1 ml water-saturated phenol, 
and 0.2 ml of 49:1 diloroform/isoamjl alcohol are added sequentially. The sanrple is mixed 
after the addition of each component, and incubated for 15 min at 0-4*^0 after all components 
have been added. TTie sample is separated by centrifiigation for 20 min at 10,000 x g, 4**C, 
precipitated by the addition of 1 ml of 100% isopropanol, incubated for 30 minutes at -20^C 
and pelleted by centrifiigation for 1 0 minutes atl 0,000 x g, 4**C. The resulting RNA pellet is 
dissolved in 0.3 ml denaturing solution, transferred to a midofiige tube, precipitated by the 
addition of 0.3 ml of 100% isopropanol for 30 minutes at -20''C, and c^rtrifiiged for 10 
minutes at 10,000 xg at 4<'C. The RNA pellet is washed m 70% edianol, dried, and 
resuspmded in 10(X-200pl DEPC-trealed water or DEPC-treated 0.5% SDS (Chomczynski 
andSacchi, 1987 , Anal. Biochem. . 162: 156). 



Alternatively, total RNA may be extracted from tissues useful m the present invention 
using Trizol reagent (Invitrogen, Carlsbad, CA), following the manu&cturers instructions. 
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Purity and integrity of RNA is assessed by absoibance ar268y280 ibft'^^Sdd Se^faiMiM'SfKNA 
sanq)les on a 1% agarose gel followed by inspection under ultraviolet light 

Following total RNA isolation from idssues or cell of an animal use&l in the present 
invention, the RNA is converted to cRNA for use in array hybridization. The preparation of 
cRNA is well-known and well-documented in the prior art 

In an alternate embodiment, the total RNA is converted to cDNA for use in array 
hybridization. cDNA may be prepared according to the following method Total cellular 
RNA is isolated (as described) and passed through a column of oligo(dT)-cellulose to isolate 
polyA RNA. The bound polyA mRNAs are eluted from the column with a low ionic strength 
buffer. To produce cDNA molecules, short deoxyfhymidine oligonucleotides (12-20 
nucleotides) are hybridized to the polyA tails to be used as primers for reverse transcriptase, 
an enzyme that uses RNA as a template for DNA synthesis. Alternatively, mRNA species 
are primed from many positions by using short oligonucleotide fragments conqmsing 
numerous sequences complementary to Hie mRNA of int^est as primers for cDNA synthesis. 
The resultant RNA-DNA hybrid is conv^ted to a double stranded DNA molecule by a 
variety of enzymatic steps well-known in the art (Watson et al., 1992, Recombinant DNA 
2nd edition. Scientific American Books, New York). 

Microarray analysis 

In one embodiment, the present invention provides a method for the identification of 
differentially expresses nucleic acid sequences in pain in which cDNA obtained from sensory 
neurons of animals subjected to pain is hybridized to a polynucleotide microarray of known 
genes or ESTs and the hybridization levels of &e cDNA to the polynucleotide microarray are 
measured. 

Microarrays, usefiil in the identification of differentially e3q>ressed nucleic add 
sequences, may be any microarray known in the art whidi conqirises known sequences. A 
polynucleotide microarray refers to a plurality of unique nucleic acids attached to one surface 
of a solid support at a density exceedmg 20 different nucleic adds/cm^ wherein each of the 
nucleic adds is attached to the surface of the soUd support in a non-identical preselected 
region. In one embodiment, the nucleic acid attached to the surface of the solid support is 
DNA In a preferred embodiment, the nucldc acid attached to the surface of the solid support 
is cDNA. In another preferred embodiment, the nucleic acid attached to the surface of tiie 
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solid siqipoit is cDNA synthesized by polymerase cham leaciioiivcrKj. nneieramyT^ 
nucleic add compiisiag an array, accoiding to the invention, is at least 20 nucleotides in 
length. Preferably, a nucleic acid comprising an array is less than 6,000 nucleotides in 
length. More preferably, a nucleic add conq)nsing an array is less than 500 nucleotides in 
length. In one embodiment, tiie array courses at least 500 different nuddc acids attadied 
to one surface of the solid support In anotiier embodiment, flie array conq[mses at least 10 
different nucldc adds attached to one surfiice of the solid support. In yet another 
embodiment, the array comprises at least 10,000 different nucleic adds attached to one 
sur&ce of the solid support. 

In a pr ef erred embodiment, the microarray comprises known nucldc acid molecules 
stably assodated with disaiete predefined regions, and whidi are obtained fiom an animal of 
the same spedes as tiie animal which had been subjected to pain and from which the nucldc 
add saiiq)le to be tested is obtained. In a preferred embodiment, the microarray is a 
conamodally available microairay which may be obtained fix>m a commercial source such as 
Af^etrix (Santa Qara, CA). For example, in one embodiment nucldc add samples are 
obtained fix>m a rat pain model and are hybridized to a polynucleotide microairay comprising 
known rat gene sequences and ESTs. hi a fiirther preferred embodiment, the microarray is an 
Affymetrix Gene Chip® array including, but not limited to the human U95 array, the murine 
U74 array, and tiie rat U34 array. 

hi one onbodiment three independ^t repUcate nucldc acid sanq>les are prepared 
fiom three separate pain model animals (for tissues with a low abundance of nerve cells, sudi 
as the DRG, sanq)les fiom several animals may be pooled to generate a single replicate) are 
hybridized to at least three repUcate polynucleotide arrays, such that a statistical analysis may 
be performed on the resulting hybridization levels. 

Sample preparation 

Prior to hybridization of nucldc acid to the polynucleotide microarray, the nucldc 
acid samples must be prepared to j^ilitate subsequent detection of hybridization. The 
nucleic acid samples obtained fix)m animals that have been subjected to pain (and from naive 
animals for the determination of differmtial egression) are referred to as "probes" for the 
microarray and are capable of bmding to a polynucleotide or nucldc add member of 
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cQmplementary seqaence flnough one or more types of cHGaaicai'Domts; usuauy miuuga 
conQ)leineiitaiy base pairing, usually fhrough hydrogen bond formation. 

As used herein, a polynucleotide derived J&om an mRNA transcript refers to a 
polynucleotide for which synthesis of the mKNA transcript or a subsequence thereof has 
ultimately served as a template. Thus, a cDNA reverse transcribed from an mKNA, an RNA 
transcribed firom that cDNA, a DNA anoplified from the cDNA, an RNA transoibed fiom tiiie 
amplified DNA, etc., are all derived from tiie mKNA transcript and detection of such derived 
products is indicative of the presence and/or abundance of the original transmpt in a sample. 
Thus, suitable target nucleic acid samples include, but are not Irtnited to, mKNA transcripts 
of a gene or genes, cDNA reverse transcribed fix>m the niElNA, cRNA transcribed from the 
cDNA, DNA amplified from a gene or g^es, RNA transaibed from anq[>lified DNA, and the 
like. The polynucleotide probes used herem are preferably doived from sensory neurons of 
an animal that has been subjected to pain. 

In the siixq;>lest embodiment, such a polynucleotide probe comprises total mRNA or a 
nucleic add sample conesfponding to mKNA (e.g., cDNA) isolated from sensory neurons, 
gang^a, nuclei, or brain tissue. Lianotiier embodiment, the total mKNA is isolated fit>m a 
given sample using, for example, an acid guanidinium-phenol-chloroform extraction method 
and polyA+ mRNA is isolated by oUgo dT colunm chromatography or by using (dT)n 
magnetic beads (see, e.g., Sambrook et al.. Molecular Cloning: A Laboratory Manual (2nd 
ei). Vols. 1-3, Cold Spring Harbor Laboratory, (1989), or Current Protocols in Molecular 
Biology, F. Ausubel et aL, ed. Greene Publishing and Wiley-totersdence, New York (1987). 
In a preferred embodiment, total KNA is extracted using TRSzol reagent (GIBCO/BRL). 
Purity and integrity of KNA is assessed by absorfoance at 260^8Qmn and agarose gel 
, electrophoresis followed by inspection under ultraviolet light 

hi some mibodimeats, it is desirable to amplify Ifae probe nucleic add sample prior to 
hybridization, for example, ^en total KNA is obtained fiom a small population of neurons. 
One of skill in the art will appredate that whatever anq)lification method is used, if a 
quantitative result is desired, care must be taken to use a method that maintains or controls 
for the relative fiequendes of the amplified polynucleotides. Methods of "quantitative" 
amplification are well known to those of skill in the art For example, quantitative PCR 
involves simultaneously co-amplifying a known quantity of a control sequence using the 
same primers. This provides an internal standard that may be used to calibrate the PCK 
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reaction. The high density auay may then include probes'^{A^ili(rtd'tun!iti^^ StaflO^rcfiDr 
quantification of&ea^^>lified polynucleotide. Detailed protocols for quantitative PGR are 
provided in PGR Protocols, A Guide to Methods and i^lications, Innis et al.. Academic 
Press, Inc. N.Y., (1990). 

Other suitable amplification methods include, but are not limited to polymerase chain 
reaction (PGR) (Innis, et al., PGR Protocols. A guide to Methods and Application. Academic 
Press, Inc. San Diego, (1990)), ligase chain reaction (LGR) (see Wu and Wallace, Genomics, 
4: 560 (1989), Landegren, et al.. Science, 241: 1077 (1988) and Barringer, et al.. Gene, 89: 
117 (1990), transcription amplification (Kwoh, et aL, Proc. NatL Acad. ScL USA, 86: 1173 
(1989)), and self-sustained sequence rq)lication (Guatelli, et al., Proc. Nat. Acad. Sci. USA, 
87:1874(1990)). 

In a particularly preferred embodiment, the probe nucleic acid sanq>le mRNA is 
rev^e transcribed witii a reverse transciq>tase and a primer consisting of oligo dT and a 
sequence encoding the phage T7proixioter to provide smglestraiidedpN^ The 
second DNA strand is polym^ized using a DNA polymerase. After synthesis of double- 
stranded cDNA, T7 SNA polymerase is added and RNA is transcribed &om the cDNA 
tenq)late. Successive rounds of transcription fixmi each single cDNA template results in 
anq>lified RNA. Methods of in vitro polymerization are well known to those of skill in the 
art (see, e.g., Sambrook, siqnra.) and tins particular method is described in detail by Van 
Gelder, et al., Proc. Natt. Acad. Sci. USA, 87: 1663-1667 (1990) who draionstrate fliat in 
vitro amplification according to this method preserves the relative frequencies of tiie various 
RNA transcripts. Moreover, Eberwine et al. Proc. Nafl. Acad. Sd. USA, 89: 3010-3014 
provide a protocol tiiat uses two rounds of anoplification via in vitro transcription to achieve 
greater than 10^ fold amplification of the original starting material thereby pemoitting 
expression monitoring even where biological samples are limited. 

In order to measure the hybridization of a probe nucleic acid to a polynucleotide array 
to detemoine differential expression, the probe nucleic acid is preferable labeled with a 
detectable label. Any analytically detectable marker tiiat is attached to or incorporated into a 
molecule may be used in the inventioa An analytically detectable marker refers to any 
molecule, moiety or atom yAAdi is analytically detected and quantified 



wo 03/016475 PCT/DS02/25765 

45 

Detectable labels suitable for use in fhe present uROEttida't^^ 
detectable by spectroscopic, photochemical, biochemical, inimunochemical, electrical, optical 
or chemical means. Useful labels in the present invention include biotin for staining with 
labeled streptavidin conjugate, magnetic beads (e.g., DynabeadsTM), fluorescent dyes (e.g., 
fluorescein, texas red, ifaodamine, green fluorescent protein, and the like), radiolabels (e.g., 
^ 35S, ^^C, or ^P), enzymes (e.g., horse radish pGn>xidase, alkaline phosphatase and 
others commonly used in an ELIS A), and colorimetric labels such as colloidal ^Id or 
colored glass or plastic (e,g., polj^tyreae, polypropylene, latex, etc.) beads. Patents teaching 
the use of such labels include U.S. PaL Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 
4,277,437; 4,275,149; and 4,366,241. 

Means of detecting such labels are well known to those of skill in the art Thus, for 
exanq>le, radiolabels may be detected using photographic film or scintillation counters, 
fluorescent maikers maybe detected using aphotodetector to detect CTiitted lig^. Enzymatic 
labels are typically detected by providing the enzyme with a substrate and detecting the 
reaction product produced by flie action of the enzyme on the substrate, and colorimetric 
labels are detected by simply visualizing the colored label. 

The labels may be incorporated by any of anumber of means well known to those of 
skill in the art However, in a preferred embodiment, the label is simultaneously incorporated 
into the probe during the amplification step in the prq)aration of flie probe polynucleotides. 
Thus, for exanq)le, polymerase chain reaction (PGR) wifli labeled primers or labeled 
nucleotides will provide a labeled anq>Iification product. In a preferred embodiment, 
transcription amplification, as described above, using a labeled nucleotide (e.g. fluorescein- 
labeled UTP and/or OTP) incorporates a label into the transcribed polynucleotides. 

Altmiatively, a label may be added directly to the original polynucleotide sanq)le 
(e.g., mKNA, polyA mRNA, cDNA, etc.) or to the amplification product afler the 
anqilification is convicted. Means of attaching labels to polynucleotides are well known to 
those of skill in the art and include, for ex:anq)le nick translation or end-labeling (e.g. with a 
labeled RNA) and subsequent attachment (ligation) of a polynucleotide linker joining the 
sample polynucleotide to a label (e.g., a fluon^hore). 

Li a preferred embodim^at, the fluorescmt modifications are by cyanine dyes e.g. Cy- 
3/Cy-5 dUTP, Cy-3/Cy-5 dCTP (Amersham Pharmacia) or alexa dyes (Khan, J., Simon, R., 
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Bittoer, M., Chen, Y., Ldghton, S. B., Pohida, T., Smith,'iP.'©.,'^Jfailg ¥.?«boaefqr«: c; 
Trent, J. M. & Meltzer, P, S. (1998) Cancer Res. 58, 50095013.). 

In a preferred embodiment, a probe nucleic acid obtained fix>m an animal that has 
been subjected to pain and a nucleic acid sample obtained fix)m an animal not subjected to 
pain are co-hybridized to the polynucleotide array. In this embodiment, the two probe 
samples used for comparison are labeled with different fluorescent dyes which produce 
distinguishable detection signals, for example, probes made fiom an animal pain model are 
labeled with Cy5 and probes inadefiom a rialve animal are labeled with Cy3. The differently 
labeled target samples are hybridized to the same microairay simultaneously. In a preferred 
embodiment, the labeled targets are purified using methods known in the art, e.g., ethanol 
purification or column purification. 

In a preferred embodiment, &e probes will include one or more control molecules 
"v^ch hybridize to control sequences on the microarray to normalize signals generated from 
the micaroarray. Labeled normalization targets are polynucleotide sequences that are perfectly 
complementary to control oligonucleotides that are spotted onto the microarray. The ^gnals 
obtained from the normalization controls after hybridization provide a control for variations 
in hybridization conditions, label intensity, "reading" efSciency and other fiu^tors that may 
causetiiesignalof a perfect hybridization to vary between arrays. Inapreferred 
embodiment, signals (e.g., fluorescence intensity) read fit>m all otiier probes in the array are 
divided by &e signal (e.g., fluorescrace intensity) from flie control probes therd>y 
normalizing the measurements. 

Preferred normalization probes are selected to reflect the average length of the other 
probes present in the sain|>le, however, they are selected to cover a range of Imgths. The 
normalization control(s) can also be selected to reflect the (average) base composition of the 
other probes in the array, however in a preferred embodiment, only one or a few 
normalization probes are used and they are selected such that they hybridize well (i.e. no 
secondary structure) and do not match any other probe molecules. 

Hybridization to polynucleotide arrays 

To determine the differential expression of a nucleic acid sequence in an animal 
subjected to pain, labeled probe nucleic acids are hybridized to a polynucleotide array 
comprising polynucleotides of known sequence or identity. Polynucleotide hybridization 
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involves providing a dCTatured piobe and taiget polynuclSbfide'^iilcltf cdMitiofis "Wlidl^tft^ 
probe nucleic add member and its complementary target can form stable hybrid diqplexes 
through conoplementary base pairing. The polynucleotides that do not form hybrid duplexes 
axe then washed away leaving the hybridized polynucleotides to be detected, typically 
through detection of an attached detectable label. It is generally recognized that 
polynucleotides are denatured by increasing the temp^ature or decreasing the salt 
concentration of the buffer containing the polynucleotides. Under low stringency conditions 
(e.g., low temperature and/or higji salt) hybrid diq)lexes (e.g., DNAdDNA, RNAJINA, or 
RNArDNA) will form even where the annealed sequences are not perfectly compl^entaiy. 
Thus specijBcity of hybridization is reduced at lower stringency. Conversely, at hi^er 
stringency (e.g., higher temperature or Iowct salt) successful hybridization requires fewer 
mismatches. 

The invention provides for hybridization conditions conq)rising tiie Dig (digqxygenin) 
hybridization mix (Bodiringer); or foimamide-based hytnidization solutions, for example as 
described in Ausubel et al., supra and Sambrook et al. siqnra. 

Alternatively, as described above, a prefened embodimrat of the present mvention 
comprises hybridizmg probe nucleic add molecules to an AfF^mietrix Gene ^ In this 
embodiment, hybridization of the probe nucleic add molecules to the polynucleotide array is 
carried out according to the manu&ctorers instructions. 

Methods of optimizing hybridization conditions are well known to those of skill in the 
art (see, e.g.. Laboratory Techniques in Biochemistry and Molecular Biology, Vol. 24: 
Hybridization With Polynucleotide Probes, P. Tijssai, ed. Elsevier, N-Y., (1993)). 

Following hybridization, non-hybridized labeled or xmlabeled polynucleotide is 
removed fiom the support surface, conveniently by washing, thereby generating a pattern of 
hybridized probe polynucleotide on tiie substrate surface. A variety of wash solutions are 
known to those of skill in the art and may be used The resultant hybridization patterns of 
labeled, hybridized oUgonucleotides and/or polynucleotides may be visualized or detected in 
a variety of ways, with the particular manner of detection being chosen based on the 
particular label of the test polynucleotide, where representative detection means include 
sdntillation counting, autoradiogr^hy, fluorescence measurraient, calorimdric 
measurmient, lig^it emission measurement and the like. In the preferred embodimmt, in 
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which the probe nucleic add is hybridized to an Affynietfi&'Geh^CWP^IHeKyMdfiffi 
pattern of (he probe nucldc acid molecules is detected and measured according to tiie 
Af^etrix protocol, and using Af^etrix instrumentation. 

Following hybridization and any washing step(s) and/or subsequent treatments, as 
described above, the resultant hybridization pattem is detected In detecting or visualizing 
the hybridization pattern, tiie intensity or signal value of the label will be not only be detected 
but quantified, by which is meant that the signal from each spot of the hybridization will be 
measured and conq>ared to a unit value coiresponding to the signal emitted by a known 
number of end labeled target polynucleotides to obtain a count or absolute value of the copy 
number of each end-labeled target that is hybridized to a particular spot on the array in the 
hybridization pattern. 

Expression analysis 

Methods for analyzing the data collected from hybridization to arrays are well known 
in the art. For example, where detection of hybridization involves a fluorescent label, data 
analysis can include the steps of determining fluorescent intensity as a function of substrate 
position from the data collected, removing outliers, i.e., data deviating from a predetermined 
statistical distribution, and calculating the relative binding affinity of the test polynucleotides 
from the remaining data. The resulting data is displayed as an image with the intensity in 
each region varying according to the binding affinity between associated oligonucleotides 
and/or polynucleotides and the test polynucleotides. 

According to the present invention, there are three sets of measurements which may 
be used to determine differential expression of a polynucleotide obtained from an animal 
subjected to pain relative to an animal not subjected to paiit In one embodiment, differential 
expression may be detemmied by measuring the intmsity ratio, as defined above, wherein a 
+/- 1 .4 fold change or greater in tiie intensity ratio is indicative of differential expression. In 
a preferred embodiment, differential expression may be determined by measuring the 
Asymetrix ratio xising the software suite and manufiictureis protocols, available from 
Afi^etrix (Santa Clara, CA), wherein a change in expression of +/- L4 fold or greater is 
indicative of differential expression. 



In another preferred embodiment, differential expression of sequences can be 
established if they are differentially expressed by at least 1.2 fold, witii a p-value of less than 
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O.OS, in a statistical analysis of triplicate airay data points iismg an Sippropttsae sonsticai^ 
analysis, such as the stodenf s t-test 

For example. Table 2 represents a composite of all those geaes which were originally 
identified as differentially regulated by at least 1 .4 fold in either SNI or axotomy pain 
models. Differential expression was subsequently evaluated in at least three rq)licate arrays 
using at least three replicate nucleic acid san^les obtained fix>m the animal nerve injury and 
inflammation pain models. From the replicate screening method, polynucletoide sequences 
can be identified as differentially expressed which have a lower fold change (i.e., lower than 
1.4 fold) in expression in an animal subjected to pain, provided that a statistical analysis of 
tile repUcate data yields a p-value of less tiian 0.05. Tables 6 and 7 below show an exanq)le 
of an ^erimental replicate scheme ^v^ch may be used to obtain the data shown in Table 2. 
The anunal pain model is indicated in the column labeled ''animal model", and Ihe elsqpsed 
time foUowig the generation of the pain model (i.e., time post surgery) is indicated. 
Experimrats can be performed on samples obtained fix>m both dorsal horn (Table 6) and 
DRG (Table 7) tissues. 



Table 6. AfDmetrix miaDanay experiments 
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DH = dorsal horn oftbe spinal cord 

CC3 = chronic constriction of the sciatic nerve d 
Chung = Ugation of the spinal nerves L5 anf L6 (lombar region) distal to the correspondent dorsal roc 
gangUons 
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SNI = spare nerve injury model ligation and axotomy of lUb'dbMl 
nerves) 

CPA = injection in the paw of complete Freund*s adijuvant (inflammatory pam 
model) 



Table?. A£Bmetrix microanay exp^iments 








— — ^ — . 












Animal Model 


r 


rime PoinI 


ts 




# hybridization exp 














CC3DRGL4 


3d 


7d 


21d 


40d 


4x3 


Chung DRGL4 


3d 


7d 


21d 


40d 


4x3 


SNIDRGL4 


3d 


7d 


21d 


40d 


4x3 














CCIDRGL5 


3d 


7d 


21d 


40d 


4x3 


Chung DRGL5 


3d 


7d 


21d 


40d 


4x3 


SNIDRGLS 


3d 


7d 


21d 


40d 


4x3 














ShaniCCI=SNIL4+L5 


3d 


7d 


21d 


none 


3x3 


Sham Chung L4+L5 


3d 


7d 


21d 


none 


3x3 


Naive L4 










1x3 


Naive L5 










1x3 














CFA injec DRG (L4+L5 
pool) 


12h 


24h 


5d 




3x3 



Total 105 



DRG = dorsal root ganglion 

CCI = chronic constriction of the sciatic nerve 

Chung ^ ligation of the spinal nerves L5 anf L6 (lombar region) distal to the correspondent 
dorsal root ganglions 

SNI = spare nerve injury model (ligation and axotomy of the tibial and pereonal nerves) 
CFA = injection in die paw of complete Freund*s adijuvant (inflammatory pain model) 



The nerve injury pain models re{»resented are the Spinal segmental nerve injury 
(Chung), Chronic Constriction Injury (CCI) and Spared Nerve Mjuiy (SNI) models at time 
points 3, 7, 21 and 40 days. The inflammatory model represented is intraplantar Complete 
Freund's Adjuvant (CFA) injection into the hind paw at 0.5, 1 and 5 days post injection. The 
tissue are lumbar DRGs and dorsal horn (i.e two tissues four models, 4 time points (3 for 
CFA) - 30 different pain comparisons each in triplicate each compared against the 
appropriate control. 

Hie following is an example of a detection protocol that may be used for tiie 
simultaneous analysis of two nucleic add samples to be conq>ar6d, wherein one sample is 
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obtained &om primary sensory neurons of an animal paiifmbddl &&f]6BS dflfisrls {A)tad]fb(f 
fix>m primary sensory neurons of a naive animal, and \^erein each sample is labeled vnih a 
different fluorescent dye, such as Cy3 and CyS. This type ofprotocol would produce an 
intensity ratio. 

Each element of the mictoarray is scanned for the first fluorescent color. The intensity 
of the fluorescence at each array element is proportional to the e}q)ression level of that 
nucleic add sequence in the sample. 

The scanning operation is repeated for the second fluorescent label. The ratio of the 
two fluorescent intensities provides a highly acciurate and quantitative measurement of the 
relative gene expression level in the two primary sensory neuron samples. 

In a preferred embodiment, fluorescence intensities of the immobilized target nucleic 
acid sequences can be determined firom images taken with a custom confocal microscope 
equipped with laser excitation sources and interference filters appropriate for the Cy3 and 
Cy5 fluorophores. Separate scans were taken for each flxiorophore at a resolution of 225 \xxr? 
per pixel and 65,536 gray levels. Image segmentation to identify areas of hybridization, 
normalization of the intensities between the two fluorophore images, and calculation of the 
normalized mean fluorescent values at each target are as described (Khan, J., Simon, R., 
Bittner, M., Chen, Y., Ldghton, S. B., Pohida, T., Smith, P. D., Jiang, Y., Gooden, G. C, 
Trent, J. M. & Meltzer, P. S. (1998) Cancer Res, 58, 50095013. Chen, Y., Dougherty, E. R. 
& Bittner, M. L. (1997) Biomed Optics 2, 364374). Normalization between the images is 
used to adjust for the different efficiencies in labeUng and detection with the two different 
fluorophores. This is achieved by equilibrating to a value of (1) the signal intensity ratio of a 
set of internal control genes spotted on the array. 

Following detection or visualization, the hybridization pattem is used to determine 
quantitative information about the genetic profile of the labeled probe polynucleotide sample 
that was contacted witix the array to gen^te the hybridization pattern, as well as the 
physiological source ftom which the labeled probe polynucleotide sample was derived By 
genetic profile is meant information regarding tiie types of polynucleotides present in tiie 
sample, e.g. in terms of the types of genes to which they are complementary, as well as the 
copy number of each particular polynucleotide in the sanq>le. From this data, one can also 
derive information about the physiological source firom which the target polynucleotide 
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sanq)le was derived, such as the types of genes expressed m ihe tissue of jed^hidi is the 
physiological source, as well as the levels of expression of each gene, particularly in 
quantitative terms. 

In a particularly preferred embodiment, where it is desired to quantify the 
transcription level (and thereby expression) of one or more polynucleotide sequences in a 
sample, the probe nucleic add sanoqple is one in which tiie concentration of the mRNA 
transcript(s) of the gene or g^nes, or the concentration of the polynucleotides derived &Gm 
the mKNA transcript(s), is proportional to the transcription level (and tiierefoie expression 
level) of that gene. Similarly, it is preferred tiiat the hybridization signal intensity be 
proportional to tiie amount of hybridized polynucleotide. While it is preferred that die 
proportionality be relatively strict (e.g., a doubling in transcription rate results in a doubling 
in mRNA transoipt in the sample polynucleotide pool and a doubling in hybridization 
signal), one of skill will i^redate tiiat Ifae proportionality is more relaxed and even non- 
linear. Thus, for example, an assay where a 5 fold difference in concentration of the probe 
mRNA results in a 3 to 6 fold difference in hybridization mtensity is sufGcient for most 
purposes. Where more precise quantification is required appropriate controls are run to 
correct for variations introduced in sample preparation and hybridization as described herein. 
In addition, serial dilutions of "standard" probe mRNAs are used to prepare calibration curves 
according to metiiods well known to those of skill in the art. Of course, where simple 
detection of the presence or absence of a transcript is desired, no elaborate control or 
calibration is required* 

For exanq)le, if a microarray nucleic add member is not labeled after hybridization, 
this indicates that flie gene comprising that nucleic acid member is not expressed in dther 
sample. If a nucleic acid member is labeled with a single color, it indicates that a labeled gene 
was expressed only in one sample. The labeling of a nucleic add member conq)rising an 
array with botii colors indicates that tiie gene was expressed in both samples. Even genes 
expressed once per cell are detected (1 part in 100,000 sensitivity). A 1.4-fold or greater 
difference in expression intensity in the two sanqples bemg compared is indicative of 
differential expressioiL 



Verification of differential expression 
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The above methods result in fhe identification, i^gpolybiBaeSOBBs^^ 
conqprising polynucleotides of known sequences, of nucleic add molecules that are 
diffeientially expressed in an animal subjected to pain. Following fhe initial identification of 
such sequences using fhe microarrays, however, fiie differential expression is validated using 
techniques that are well known in fhe art 

Th one embodiment, following identification of a 1 .4 fold or greater difference in 
hybridization intensity in fhe sample obtained &om an animal subjected to pain relative to a 
naive animal, xeverse transcription PGR (RT-PCR) is performed using primers specific for 
the hybridizing sequence. For exanq)le, given that tiie identity and sequence of each nucleic 
add comprising the polynucleotide array is known, if probe nucldc add hybridizes at a given 
position on fhe array, one of skill in fhe art can design primers based on the sequence of the 
nucldc add known to be at that position, which can Hiea be used to amplify fhe known 
sequence fit>m fhe origfaial nucldc add sample obtained &om fhe animal. The technique of 
designing primers for PGR amplification is weU known in fhe art Oligonucleotide primers 
and prob^ are S to 100 nucleotides in length, ideally 6om 17 to 40 nucleotides, although 
primors and probes of different length are of use. Primers for aniplification are preferably 
about 17-25 nucleotides. Primers usefiil according to fhe invention are also designed to have 
a particular melting temperature (Tm) by the method of melting temperature estimation. 
Conmiercial programs, including Oligo™ (MBI, Cascade, CO), Primer Design and programs 
available on the internet, including PrimerS and Oligo Calculator can be used to calculate a 
Tm of a nucldc acid sequence useful according to fhe invention. Preferably, the Tm of an 
amplification primer usefid according to fhe invention, as calculated for example by Oligo 
Calculator, is preferably between about 45 and 65° C and more preferably between about 50 
and 60° C. Preferably, the Tm of a probe useful according to fhe invention isTC higher 
than the Tm of fhe corresponding amplification primers. It is preferred that, following 
generation of cDNA by RT-PCR, fhe cDNA fragment is cloned into an appropriate 
sequencing vector, sudi as a PCRU vector (TA cloning kit; Invitrogen), The identity of each 
cloned firagment is then confirmed by sequencing in both directions. It is expected that fhe 
sequence obtained fiom sequencing would be fhe same as fhe known sequence origmally 
spotted on tiie polynucleotide array. 

In one embodiment, following sequence confirmation of the identity of the 
differentially expressed polynucleotide, the differential esqiression of fhe polynucleotide in 
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sensory neurons of an animal subjected to pain relative to analve anhnal is TOnfiimed by 
Northern analysis. Sequence confirmed cDNAs are used to produce ^^P-labeled cDNA 
probes using techniques well known in flie art (see» for ejcample, Ausubel, st^ra\ or 
commercially available kits (Prime-K Kit, Stratagene, La Jolla, CA). Northern analysis of 
total RNA obtained from naive animals and animals subj ected to pain is then performed using 
classically described techniques. For example, total RNA samples are denatured with 
formaldehyde / formamide and run for two hours in a 1% agarose, MOPS-acetate-EDTA gel. 
RNA is then transferred to nitrocellulose membrane by upward capillary action and fixed by 
UV cross-linkage. Membranes are pre-hybridized for at least 90 minutes and hybridized 
overnight at 42° C. Post hybridization washes are performed as known in the art (Ausubel, 
supra). The membrane is thrai exposed to x-ray film overnight with an intensifying screen at 
-80° C. Labeled membranes are then visualized after exposure to fihn. The signal produced 
on the x-ray film by the radiolabeled cDNA probes can tiien be quantified using any 
technique known in the art, such as scanning the film and quantifying the relative pixel 
intensity using a computer program such as NIH Image (National Institutes of Heal^ 
Bethesda, MD), wherein at least a 2 fold, preferably a 1.4 fold increase or decrease in the 
hybridization intensity of tiie radiolabeled probe obtained fiom the animal subjected to pain 
relative to the n^e afiimal validates the differential expression observed using the 
polynucleotide microairay. 

In an alternate embodiment, the differential expression of polynuclTO^ 
first identified usmg the polynucleotide microarrays is verified using the Tainan™ (Peakin- 
Elmer, Foster City, C A) techniques, which is performed with a transcript-specific antisense 
probe. This probe is specific for the PGR product (e»g. a nucleic acid sequence identified 
using the microarray as being differentially regulated) and is prepared with a quencher and 
fluorescent reporter probe complexed to the 5' end of the oligonucleotide. Different 
fluorescent markers can be attached to different rq)orters, allowing for measurement of two 
products in one reaction. Whai Taq DNA polymerase is activated, it cleaves off the 
fluorescent reporters by its 5'-to-3' nucleolytic activity. The rqwrters, now free of the 
quenchers, fluoresce. The color change is i»oportional to tiieamoxmt of each specific product 
and is measured by fiuoiometer, therefi)re, ttie amount of each color can be measured and the 
RT-PCR product can be quantified. The PGR reactions can be performed in 96 well plates so 
that samples derived fix)m many individuals can be processed and measured simultaneously. 
Tlie Tacpnan™ system has the additional advanta^ of not requking gel electrophoresis and 
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aUows for quantification when used with a Standard Qli&tit^vefflSiysis'dtme 
mKNA levels for a given gene present in the originally obtained sample fiom an animal 
subjected to pain pennits a determination of the difiEerential e3q[>ression of tiie particular 
mRNA relative to that obtained fix)m a nafve animal. A fold increase or decrease in 
es^iession of a nucleic acid sequence from an animal subjected to pain of at least 2 relative to 
a naive animal is iadicative of differential expression, and is sufficient to validate the 
differential expression first identified using the polynucleotide miooarray. 

In a still fiirther embodmient> the differential ^ression of a polynucleotide identified 
using microairay analysis is verified by in situ hybridization. Given that the sequence of each 
of the nucleic add molecule on the microarray used to identify differential e}q)ression is 
known, labeled cDNA or antiseose SNA probes can be generated using techniques which are 
known ia the art (Ausubel et aL, supra). The probes are then hybridized to fixed (e.g., fixed 
in 4% paraformaldehyde) thin (S-SO pm) tissue sections o:^ for exaiiq>le, tiie dorsal root 
ganglion. Briefly, prior to hybridization, the tissue sections are incubated in acetic anhydride^ 
dehydrated in graded ethanols, and de-lipidated in chloroform. Tissue sections are tiien 
hybridized with one or more labeled probes for 24 hours at 45'' C. Hybridized probe may be 
subsequentiy detected using techniques which are compatible witii the label incorporated in 
the probe. The level of hybridization may be quantitated using any technique known to those 
of skill.in the art For exaiiq)le, the hybridization signal msiy be photogr^hed, and the 
photograph scanned into a computer and the hybridization signal quantitated using software 
such as NIH Image (NIH, Bethesda, MD). The measured level of hybridization may then be 
correlated with the differential expression level measured using the microarray analysis. 

In a finlher embodiment, differratial esqnression of sequences, identified based on the 
1.4 fold tiiesfaold criteria, described above, can be verified as being differentially expressed if 
they are differentially expressed by at least 12 fold, wifli a p-value of less than 0.05, in a 
statistical analysis of triplicate array data points using an ^ropriate statistical analysis, such 
as a student's t-test 

Differentiallv Expressed Polynucleotides 

The present invention provides polynucleotides and genes which are differentially 
expressed in an animal which has been subjected to pain relative to an animal not subjected to 
pain, wherein the differential expression is determined using the methods described above. 
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Using the above methods a number of polynucleotides hSv^e&if idmitmEU'^Wtucb are 
diffarentially eaq)ressed in an animal subjected to pain. These polynucleotides and their 
respecitve human homologs, as well as the polypeptide molecules encoded Iherd^y are shown 
in Tables 1,2, 3, 4, or 5. 

Table 1 shows a group of differentially pressed polynucleotides and genes, several 
of which demonstrate an at least 1 .4 fold change in expression in an animal subjected to pain 
in both axotomy and SNI pain models relative to naiVe animals; indicated by the Fold Change 
of Axotomy/NalveorSNI/Naive. Those polynucleotides that are not difi^:entMy expressed 
by at least +/- 1 A fold are not considered to be differentially expressed according to the 
invention. The polynucleotides of Table 1 have been previously suggested to be involved in 
the mechanisms of pain and neuronal injury. The present invention, howev^, distinguishes 
these polynucleotides by providing a threshold of differential expression which is less than 
that previously accepted for such analysis. 

Table 2 shows polynudetotides of the present invmtion which have hem established 
as being differmtially expressed by at least 1 .4 fold in an axotomy, SNI, or inflammation 
animal pain model, and which have been further analyzed by triplicate analysis as shown in 
Tables 6 and 7. The polynucleotide sequences shown in Table 2 have been established herein 
as being differentially expressed by at least 1.2 fold, with a level of statistical significance of 
p<O.OS as determined by a student's t-test over at least three rq>licate assays (tibie replicate 
assay schemes are shown in Tables 6 and 7), in several animal pain models measured at 
sevearal post operative time points. The nerve injury pain models rq)resented are the Spinal 
segmental nerve injury (Qiung), Chronic Constriction Injury (CQ) and Spared Nerve Injury 
(SNI) models at time points 3, 7, 21 and 40 days. The inflammatory model represented is 
intmplantar Complete Freund's Adjuvant (CPA) injection in to the hind paw at 0.5, 1, and 5 
days post injectioxL The tissue are lumbar DRGs and dorsal horn (i.e two tissues four 
models, 4 time points (3 for OPA) = 30 differoit pain comparisons each in triplicate each 
compared against the ^propriate control. 

Table 3 shows polynucleotide sequences of the present invention which have been 
established as being differentially expressed by at least 1.4 fold, but which have not attained a 
statistical significance of pO.OS according to the triplicate analysis scheme shown in Tables 
6 and 7. Hie polynucleotide sequence shown in Table 3, however, are considered to be 
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"differentially esqpressed'' according to the present invranoii^dispiieTro ractiDarmeme 
triplicate analysis has not established a significance of pO.OS. 

Table 4 shows polynucleotides of the present invention which are npregulated by at 
least 1 A fold in a rat inflammation pain model as indicated by either or both of the Intensity 
Ratio NaiVe/k^ or Affymetrix Ratio data column, and which have not been previously 
suggested to be involved in the cellular response to pain. 

Table 5 shows polynucleotides of the present invention which are downregulated by 
at least 1.4 fold in a rat inflamotnation pain model as indicated by eiflier or both of the 
Intensity Ratio Naive/SNI or Affymetrix Ratio data column, and \^ch have not been 
previously suggested to be involved in the cellular response to pain. The data in tables 4 and 
S represents an average of the Intensity Ratios and Afiymetrix Ratios obtained fiom 
inflammation pain models at 3 hours, 6 hours, 12 hours, 24 hours, 48 hours and 5 days 
following induction of inflanunatioiL 

As indicated in the tables, the column labeled "% homology" indicates tiie percent 
identity between the human and rat (or mouse if the rat sequence is not available) sequences. 
In some cases, the polynucleotide sequence indicated in Table 2, 3, 4, or 5 is an EST 
sequence. Accordingly, the column labeled *Tormer identifier" indicates the accession 
number of the gene sequence having the closest homology, as determined by a BLAST 
search, to the EST sequence. The column labeled "identifier" in conjunction with the 
columns labeled ^^description" and **protein type" indicate the function of the proteins 
encoded by the polynucletoides of Tables 1, 2, 3, 4, or 5 and specifically indicated in Tables 
2, 3, 4, or 5. The column labeled "subcellular localization" indicates the known location of 
the protem encoded by tiie polynucleotide sequences noted in the Table in specific 
compartments in the cell. Accordingly, those proteins which are indicated in the Table as 
being secreted may be usefiil, as described below, as protein drugs for modulating the activity 
of one or more proteins indicated in the table, or for treating pain as described hereiiL 
Similarly, proteins which are indicated as bdng integral membrane proteins may be cell 
sur&ce receptors^ and may be screened against candidate compounds to identify compounds 
wfaidi regulate then activity as described below. The columns labeled ^'tat gene SEQ ID 
No.", **rat protein SEQ ID No.", *liuman gene SEQ ID No.", and "human protein SEQ ID 
No." in Tables 2-3 indicates the SEQ ID No. corresponding to die sequence identified by the 
corresponding accession number. 
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In addition to die polynucleotides indicated in Tablea* U 2, 7, 4; 5» ttie titoope'&f &e 
invention finfher includes vaiiations, and/or mutations in the polynucleotide sequences, 
including SNPs and other conservative variants that do not alter the functionality of the 
encoded polypeptide, including sequences having at least 30% homology with the 
polynucleotide sequences shown in Tables 1, 2» 3, 4, or 5, but encoding a protein having the 
equivalent function to tiie protein encoded by the polynucleotide sequences shown in Tables 
1, 2, 3, 4, or S. The present invention fiirther ^compasses tiie human homologs to the 
polynucleotide sequences indicated in Tables 1, 2, 3, 4» or S, and the polypeptide sequences 
encoded thereby. The invention still further encompasses the polyp^tide sequmces encoded 
by the polynucleotide sequences shown in Tables 1 > 2, 3, 4, or 5. The Accession no. for tiie 
polypeptide sequence is shown in Tables 2, 3, 4, or 5 (the protein accession number is not 
indicated for Table 1, as all of these gen^ are known in the art). The present inv^tion also 
encompasses a variant, domain, epitope, or fragment of tiie polypeptide molecules indicated 
in Tables 1, 2, 3, 4, or 5, provided that the variant, domain, epitope, or fragment has an 
equivalent function to that of tiie polypeptide indicated in Tables 1, 2, 3, 4, or 5 (i.e., tiie 
function for the proteins indicated in Tables) 
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nonspecific, 
mitochondrial 
precursor(EC 
2.3.1.37) (Delta- 
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ALA 
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acid synthase, 
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3-oxo-5-aIpha- 

8teroId4- 

dehydrogenase 

1 (EC 1.3.99.5) 

(SteroldS-atpha- 

reductase 1) 

(SRtypel). 
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benzodiazepine 
receptor (PBR) 
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